(19) 



Jl 



Europaisches Patentamt 
European Patent Office 
Office euiopeen des brevets 



(11) 



EP 1 361 243 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

12.11.2003 Bulletin 2003AI6 

(21) Application number 01919942.1 

(22) Date of filing: 16.04.2001 



(51) tnta7: C08G 65/20. C08G 65/30 

(86) international application number 
PCT/JP01/03230 

(87) International publication number 

WO 02A55586 (18.07JKK)2 Gazette 2002/29) 



(84) Designated Contracting States: 


• MINOURA. HaruyukI 


AT BE CH CY DE D K ES R PR GB GR IE IT LI LU 


Nishl-tomli, Kurashlkl^hl. Okayama 71(K (JP) 


lyiCNLPTSETR 


» TSUNEMATSU.Yoshlyukl 


Designated Extension States: 


Higa8ht4omlU Kurashikl-ehl, Okayama 71 (JP) 


ALLTLVMKROS1 


• FUKUZONO, Toshlhiko 




Nakahara-ku, ICewasakl^hl. ICanagawa211-(JP) 


(30) Priority: 11.01.2001 JP 2001003810 


• FURUBEPPU. SatoshI, 


11.01.2001 JP 2001003899 


Adachl-Ku , Tokyo 12CMK)05 (JP) 


(71) Applicant: Asahi Kasei ICabushllci Kaisha 


(74) Representative: 


0saka-8hl» Osaka 53M205 (JP) 


von Kreisler, Alek. Dipl.-Chem.etal 

— t,-_---ttii ,, 


(72) Inventors: 


PBienirniwaiie 

von Krelsler-Seltlng-Werner 


• KODAMA.Tsmotsu 


PO8tfach10 22 41 


2611 JM Delft (NL) 


50462 Kdin (DE) 



(54) OXYTETRAMETHYLENE GLYCOL COPOLYMER AND PROCESS FOR PRODUCING THE 
SAME 



(57) Disclosed is an oxytetramelhylene glycol co- 
polymer, which is otJtalned by copolymerlzing tetrahy- 
drof uran and neopentyl glycol and which has a specific 
number average molecuiar weight Mn, a specific moieo- 
uiar weight distribution Mn/Mw. a specific neopentyl gly- 
col copolymerizatlon whole ratio and a specific neo- 
pentyl glycol copolymerization partial ratk> H^^ and a 
method for producing the same. Also disclosed is a 



method for purifying an oxytetramethylene glycol copol- 
ymer, which comprises adding a fresh tetiBhydrofuran 
to a reactton mixture comprising an oxytetramethylene 
glycol copolymer and an unreacted diol, wherein the 
amount of added tetrahydrofuran is not less than the 
might of the unreacted diol contained in the reaction 
mixture, and distlliingoff the unreacted diol together with 
the added tetrahydrofuran. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] * The present invention relates to an oxytetramethylene glycol copolymer and a methodfor producing the same. 
More particularly, the present Invention is concerned with an oxytetramethylene glycol copolynier obtained by oopoh 
ymerizingtetrahydrofuran and neopentyl glycol, wherein the oxytetrantethyleneglycol copolymer has a specific number 

w average molecular weight, a specific moleciitar weight distribution and a specific neopentyl glycol copolymerizatton 
ratio. The present invention is also concerned with a method for producing such an oxytetramethylene glycol copolymer. 
The oxytetramethylene glycol copolymer of the present invention exhbits improved low temperature properties due. 
for example, to low melting point and low glass transition temperature. By virtue of these improved properties, the 
oxytetramethylene glycol copolymer of the present inventnn can be advantageously used as a raw material for an 

f 9 elastic fiber and the like. Further, the present invention Is concerned with a method for purifying an oxytetramethylene 
glycol copolymer, obtained by copolymerizing tetrahydrofuran and a diol by the method of the present invention or any 
conventional nrtethod, from a copolymerizatlon reaction mixture comprising an oxytetramethylene glycol copolymer 
and an unreacted diol, wherein the unreacted diol is distilled off in the presence of fresh tetrahydrofuran. By the use 
of the purification method of the present invention, it becomes possible to not only purify the copolymer without causing 

20 the clogging of a condensation tube and a conduit by the solidification of the diol, but also recover a recyclable diol. 

Prior Art 

[0002] Recentiy, an oxytetrametiiylene glycol copolymer obtained by copo|ymerizing tetrahydrofuran CTHF) and a 
25 diol (such as neopentyl glycol) and an oxytetramethylene glycol copolymer obtained tiy copolymerizing THF and 
3-methyttetrahydrofuran have been drawing attention. An oxytetramethylene glycol copolymer has a lower melting 
point than an oxytetramethylene glycol homopolymer (that Is. polyoxytetrametiiylene glycol (PTMG)), and an elastic 
product produced using an oxytetramethylene glycol copolymer as a raw material exhibits remarHably improved elon- 
gation, hysteresis loss and low temperature properties, as compared to those of an elastic product produced using 
30 PTM6 as a raw material. For example, at a temperature below tiie Ice point, a conventional polyurethane urea elastic 
fiber produced using PTMG exhibits no instantaneous elastic recovery, but a polyurethaneuneta elastic fiber produced 
using an oxytetramethylene glyooi copolymer esthibita an instantaneous elastic recovery which is substantially the same 
as observed at room temperature. 

[0003] An oxytetramethylene glycol copolymer can be easily syntiiesized by using a heteropolyacid as a polymeri* 

35 zation catalyst. For example, each of Unexamined Japanese Patent Application Lald-Open Specification No. Sho 
60-203633 (corresponding to European Patent Publication fMo. 158.2298), Unexamined Japanese Patent Application 
Laid-open Spedfication.No. Sho 61-120830 (corresponding to European Patent Publication No. 158,2298) and Un- 
examined Japanese Patent Application Laid-Open Specification No. Sho 61-123630 discloses an oxytetramethylene 
glycol copolymer obtained by copolymerizing a diol and THF in the presence of a heteropolyacid In either a batchwise 

40 manner or a continuous manner. In the technique of each of the above-mentioned patent documents, diol molecules 
are Incorporated, into the oxy^etraethylene glycol copolymer chains, mainly as a tenninator for the Ihring cationic po- 
lymerization of THF. Therefore, moet of the did molecules which aro incorporated into the polymer chains are present 
at the tenminats of the polymer chains and the average diol copolymerization ratio is approximately one molecule. 
According to the reaction nnodes disclosed in the abovenmenUoned patent documents, the average numtier of diol 

45 molecules that can be incorporated Into a copolymer molecule (ttiat is, average diol copolymerization ratio) Is approx- 
imately 1 molecule and. tiius. there! is a limitation in the melting point-lowering effect of the copolynierization of a diol 
(copolymerization effect). In addition, in the abovenrientbned patent documents, removal of water during ttie copoly- 
merization reaction is disclosed as a method for increasing the copolymerization ratio of a diol (spedfically. to achieve 
a copolymerization ratio as h^h as approximately 10 to 35 moles). In this method, when a water removal step is 

50 conducted in addition to the standard copolymerization step, there Is a limitation that the number of water molecules 
coordinated to a heteropolyacid used as the polymerization catalyst must be in the range of from 0.1 to 15. Especially 
when a copolymerization reaction Is conducted using a heteropolyacid having a water coordination numk)er as high as 
6 to 15. the reaction rate becomes mari(edty lowered. As a consequence, the time of polymerization becomes very 
long and only an oxytetramethylene glycol copolymer having a broad molecular weight distrd^ution can be produced 

55 using such a heteropolyacid. An oxytetramethylene glycol copolymer having a broad molecular weight distribution has 
a problem in ttiat the glass transition temperature is high. 

[0OO4] Further, working examples of Unexanrtined Japanese Patent Application Laid-Open Specification Nos. I^el 
6-87951 . Hei 9-2911 47, Hel 10-67811 , Hei 1 0^7812, Hei 10-67813 and the like disclose methods for incorporating 1 
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to 5 moles of neopentyl glycol (NPG) into 1 molecule of an oxytetramethylene glycol copolymer. Specifically, each of 
these patent documents discloses a method which comprises polymerizing NPG and THf in the presence of a heter- 
opolyactd catalyst in a batchwise manner, wherein the polymerization reaction is perfomted while removing the by- 
produced water from the reaction system by distillation. In a batchwise reaction, even when the NPG concentration is 

5 high at the initiai stage of the reaction, the NPG concentFation of the reaction system becomes marfcedly lowered at 
the final stage of the polymerization reaction. Therefore, low molecular weigh copolyniers having h^ NPG copolym- 
erization ratio are likely to te produced at the initial stage of the polymerization reaction. The thus produced low mo- 
lecular weight copolymers having high NPG copolymeflzation ratb ere likely to polymerize and mature into high mo- 
lecular weight copolymers, therBt>y producing a high nfiolecular weight copolymer having a relath^ely high copolymer- 

fo ization ratio. Due to the presence of such a high molecular weight copolymer having a high copolymerization ratio, the 
glass transitton temperature of the copolymers as a whole Is caused to become high, thereby rendering it difficult to 
produce an oxytetramethylene glycol copolymer having a tow glass transitbn temperature. 
[0005] As mentioned above, an axytetramethyleRe glycol copolymer is produced by the copolymerization reaction 
of THF and a diol in the presence of a heteropotyadd as a polymerization catalyst. Several hundred ppm to several 

t5 percent of an unreacted diol usually remains In the reaction mixture obtained after the copolymerization reaction, and 
when an elastic product (e.g., an eiasftc fiber, such as urethane urea) is produced using an oxytetramethylene glycol 
copolymer containing residual unreacted dk>l, the elastic product is incapable of exhibiting the intended properties 
because the reskiual diol (such as unreacted NPG) do not function as a soft segment For solving this problem, it was 
. attempted to perform the copolymerization reaction under conditions whfch enable a complete consumption of the diol 

20 or, altematively, to remove unreacted diol from the copolymer containing the unreacted diol 

[0006] For achieving ttie complete consuntptton of the diol during the copolymerization reaction, It Is necessary to 
conduct the copolymerization reaction in a batchwise manner at a high reactton temperiature whBe removing the by- 
produced condensation water thoroughly from the reaction system so as to shift the reaction equilibrfura When the 
reskJual amount of the unreacted diol is lowered tiy this method to less than 100 ppm, adverse skle reactions, such 

25 as lit>eration of temnlnal hydroxy! groups from the dk>l as well as from the produced oxytetramethylene glycol copolymer, 
are likely to occur due to the action of heat thus leading to an occurrence of discoloratton of and towering of the quality 
of the oxytetramethylene glycol copolymer. In addttion, this method Is only applicable to a batchwise reaction and, thus, 
as mentioned-ebove, an oxytetramethylene glyool copolymer having tow glass transitton temperature cannot be pro- 
duced by this method. . 

30 [0007] As other methods for removing a diol from a oopolynner containing an unreacted dtol, there can be menttoned 
a method in which a did is selectively adsorptton-removed by means of an adsorbent (Unotamlned Japanese Patent 
Application UidOpen Spedftoation No. Hel d-291147), a method in Whtoh a diol is removed by extraction (Unexamined 
Japanese Patent Applk»tion Latd-Open Spedfcatton No. Hei 1 D-8781 3) and a method In whtoh a diol is removed by 
vacuum distillation (Unexamined Japanese Patent Appltoation LatoOpen Speciftoation No. Hei 1 -92221 (correspond- 
as ing to European Patent Speciftoation No. 305,8538)). 

[0008] In the method in whtoh a diol is removed by means of an adsort>ent, the adsorbing removal ratio and break- 
through time vary depending on the type of the adsori^ent used, the type and amount of the dtol being adsorbed, and 
the like. Therefore, the type and amount of the ad8ort)ent must be changed in accordance with the change in the 
conditions employed for producing an oxytetramethylene glycol oopolymef. In additton, not only the unreacted dtol, but 
40 also a large airwunt of low molecular weight oxytetramethylene glycol oopotymers is adsort>ed on the adsortMnt, and 
the loss of the low molecular weight oxytetramethylene glycol copolymers becomes large. Further, for recycling the 
adsort)ed unreacted diol. the diol must be desorbed from the adsorbent by using a solvent, such as THF. In this case, 
the desorptton ratto also varies depending on the type and amount of the diol adsorbed on the adsort)ent, and the 
amount of the solvent necessary for desorptton varies drastically. The desorption of the adsorbed low molecular weight 
<9 oxytetramethylene glycol copolymers is also accompanied by the drastto variation in the amount of the desortied low 
molecular weight oxytetramethytene glycol copolymers. After the desorption of the low molecular weight oxytetrame- 
thylene glycol copolymers by a solvent, such as THF. an addittonat step to necessary for detemtining the amount of 
the tow molecular weight oxytetramethylene glyool oopolymerB contained in the desortmte and specifically adjusting 
the copolymer concentration thereof before using the described tow molecutor weight oxytetramethylene glycol copol- 
so ymers. Therefore, thte method has several problems for use in an industrial process. Further, the problems accon^- 
nying the desorption of the low-molecular weight oxy-tramethylene glycol copolymers are known to become more 
difficult when the amount of the residual diol contained in the oxytetramethytene glycol copolymer decreases. 
[0009] With respect to a method in whtoh a dtol is removed by extraction. Unexamined Japanese Patent Appitoation 
Laid-open Specification No. Hei 10^7813 dtoctoses a method in whtoh a diol is extraction-removed with water. In thto 
55 method, the amount of the extractton agent (wateO varies depending on the type and amount of a dtol remaining in 
the copolymer. In additton, a polymer loss to likely to occur because an oxytetramethytone glycol copolymer occurs 
simultaneously, with extraction-removal of a diol. In thto method, by using the extraction agent in a torge amount, the 
amount of the reskiual dtol in the oxytetram^hylene glycol copolymer can be reduced to a level which to not more than 
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a predetermined value, but the polymer loss accompanying the extraction becomes Increased. For recycling the did 
extracted by this method, water used as the extraction agent must be removed by distillation. As a result, the purification 
process becomes disadvantageously complicated for a oommeida) scale production of an oxytetramethylene glyool 
copolymer 

5 [0010] Unexamined Japanese Patent Application Laid-Open Specification No. Hei 1-92221 discloses a method for 
removing a diol by vacuum distillation. Sp^ifically, a diol is removed undercondittons wherein the pressure is not more 
than 0.3 mbar. and the temperature is 200 to 260 *C. Under such distillation conditions, an oxytetramethylene glycol 
copolymer becomes deteriorated. Further, since this method is a method for separating tow molecular weight compo- 
nents from PTMG, when this method Is used for removing a diol which is generally solidified at room temperature, the 

10 diol distilled off from the distillation apparatus becomes solidified during the subsequent cooling process, thereby caus- 
ing the dogging of a condensation tube, a conduit and other components which are disposed in the vicinity of a vacuum 
pump. Therefore, this method is substantially inapplicable to a process in which a diol Is continuously distilled off. 

SUMMARY OF THE INVEhfTION 

15 

[0011] In this situation, the present Inventors have made intensive and extensive studies for developing a novel 
oxytetramethylene glycol copolymer having excellent low temperature properties. As a result. It has been found that, 
when an oxytetramethylene glycol copolymer produced by copolymerizing THF and NPG is a relatively low nnolecular 
weight copolymer having a molecular weight of 2000 or less, the glass transition temperature becomes minimum at 

20 an NPG copplymerization railo of approxlnnately 1 0 mol%, and when the oxytetramettiylene glycol copolyn^r produced 
is 8 relatively high molecular weight copolymer having a molecular weight of more than 2000, the glass transition 
temperature becomes minimum at an NPG copolymerization ratio of 5 mol% or less. This finding implies that, even 
with respect to a certain oxytetrametiiylene glycol copolymer having the same average molecular weight as that of the 
conventional oxytetramethylene glycol copolymer, if the NPG copolymerization ratio of the copolymer chains is spe- 

25 dfically adjusted depending on the molecular weight of ttie certain copolymer, ft would be possible to okataln an oxyte- 
tramethylene glycol copolymer having excellent low temperature properties due. for example, to low melting point and 
low glass transition temperature which properties have never been realized In the art. Further, the present inventors 
have found that the oxytetramettiylene glycol copolymer of the present invention can be easily produced by subjecting 
tetrahydrofuran and neopentyl glycol to a copolymerization reaction in ttie presence of a heteropolyadd catalyst, while 

30 continuously removing from the reaction system water which is by-produced in the copolynienzation reaction so ttiat 
the amount of water Is atQusted to a level wherein a twoi^hase reaction system is formed which comprises an organic 
phase comprising a solution of neopentyl glycol in tetrahydrofuran and having a neopentyl glyool concentration of from 
0.05 to 35 weight %, based on the weight of the organic phase, and a tetrahydrofuran/ aqueous heteropolyadd phase 
comprising a solution of an aqueous heteropolyadd catalyst in tetrahydrofuran and having a spedfic gravity of from 

35 1 .8 to 2.3. In addition, the present inventore have also found that, when an unreacted diol is distilled off from a reaction 
mixture containing an oxytetramethylene glycol copolymer and an unreacted diol in the presence of a fresh tetrahy- 
drofuran to ttiereby separate and purify the oxytetrGtfnettiyl^e glycol copolymer, it becomes possible to not only purify 
the copolymer wittiout causing the dc^ging of a condensation tube and a conduit by ttie solidification of ttie diol, but 
also to recover a recyclable diol. The present Invention has been completed, based on ttie above-mentioned findings. 

40 [0012] Accordingly, it is an object of ttie present invention to provide an oxytetram^hylene glycol copolymer which 
exhibits Improved low temperature properties due, for example, to low melting point and low glass transition temper- 
ature. 

[0013] It is anottier object of ttie present invention to provide a mettiod for produdng the aboveHfnentioned oxyte- 
tramettiylene glycol copolymer which exhibits improved low temperature properties. 

45 [0014] It is still anottier object of ttie present Invention to provide a method for effectively separating and purifying 
an oxytetramettiylene glycol copolymer from a mixhire containing an oxytetramethylene glycol copolymer and an un- 
reacted diol without causing the dogging of a condensation tube and a conduit by the solidification of the diol. 
[0015] The foregoing and ottier obJectB. feahires and advantages of ttie present invention wiU be apparent to ttiose 
sidiled in ttie art from ttie foOowing detailed description and ttie appended claims talcen in connection witti ttie accom- 

30 panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
C0O16] In ttie drawings: 

55 

Rg. 1 shows an example of a gel permeation chromatogram of the oxytetramethylene glycol copolymer of the 
present invention, which illustrates ttie molecular weight distnbution of ttie oxytetramettiylene glycol copolymer, 
wherein ttie left-hand skle is ttie side of ttie high molecular weight and the r^ht-hand side is ttie side of ttie low 
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molecular weight, and the hatched portion shows the high molecular weight-side 1 5 wt% fraction of the oxytetram- 
ethylene glycol copolymer, which fraction corresponds to the area of a part of a whole peak representing the 
molecular weight distribution, wherein the part is taken on the side of the high molecular weight including the 
maximum molecular weight in the whole peak and wherein the area of the part of the whole peak is 15 %, based 
5 on the area of the whole peak; 

Fig. 2 is a schematic diagram showing an example of the continuous production system used for producing the 
bxytetramethylene glycol copolymer of the present Invention; 

Rg. 3 is a schemata diagram showing another example of the continuous production system used for producing 
the oxytetramethylene glycol copolymer of the present invention; 
10 Fig. 4 is a schematk: diagram showing an example of the continuous purification system for perfonning the one- 

step purification method whfch is used for purifying the oxytetramethylene glycol copolymer of the present invention; 
and 

Fig. 5 is a schematic diagram showing another example of the continuous purtffeation system for perfonning the 
two-step puriftoation method whk:h is used for purifying the oxytetramethylene glycol copolymer of the present 
» invention. 
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Description of Merenco Numerate 
[0017] 

1 , 28: raw material tank 

2: reactor 



3: catalyst separation vessel 

4: refrigerator 

25 5: . organte phase receh^ing vessel 

6: THFtank 

7,21,27: condensing means 

6: THFAvater receiving tank 

9: IMF/Water storage tank 
30 10-12, 14-15, 17. 24-25, 30, 34: pump 

13: evaporation vessel 

16: leaction mbttura tank 

18: mixer 

1 9, 32: centrifugal molecular distillation apparatus 

35 20,26: distillation column 

22: decanter 

23: octane storage tank 

29: fresh THFtank 

31 : heating means 

40 33: oxytetramethylene glycol copolymer tank 

DETAILED DESCRIPTION OF THE INVENTION 



[001 8] in one aspect of the present invention, ttiere is provided an oxytetramethylene glycol copolymer, obtained by 
45 copolymerizing tetrahydrofuran and neopentyt glycol, having the following charactertstk:s (1) to (4): 

(1 ) a number average molecular weight Mn of from 600 to 5000; ^ 

(2) a characteristic wherein the weight average molecular weight Mw and the number average molecular weight 
Mn satisfy either the following (0 or the foltowing (ii): 

50 

(1) a molecular weight distribution of 1 .8 or less in terms of the Mw/Mn ratio, or 

(il) a molecular weight distrSiution of more than 1.8 in terms of the Mw/Mn ratio, wherein Mw and Mn satisfy 
the relationship defined by the following formula (I): 



10^^ X (Mw/Mn -1.8)^^ ^..^^ m. 
exp(Mnx 1.2^100) - '-^^ 
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(3) a neopentyl glycol copotymerlzation whole ratio of from 6 to 30 mol%, wherein the neopentyt glycol copo- 
lymerization whole ratio Is defined as the molar percentage of the amount of neopentyl glycol monomer units 
present in the whole oxytetramethylene glycol copolymer, based on the total molar amount of the tetrahydrofuran 
monomer units end the neopentyl glycol units in the whole oxytetramethylene glycol copolymer; and 

(4) a characteristic wherein the number average molecutar weight Mn, the neopentyl glycol copolymertzation whole 
ratio (mol%) of the oxytetramettiytene glycol copolymer, and the neopentyl glycol copolymerizatton partial ratio 

(mol%) of a h^h molecular weight-side 15 wt% fraction of the oxytetramethylene glycol copolymer satisfy the 
relationsh^ defined by the following formula (II): 

Nh / N^^^* / Mn°^ < 0.0560 (II), 

wherein is defined as the molar percentage of the amount of neopentyl glycol monomer units present In the 
high molecular weight-side 15 wt% fraction, based on the total molar amount of the tetrahydrofuran monomer units 
and the neopentyl glycol units In the high molecuiar weight-side 15 w1% fraction, 

wherein the high molecular weight-side 1 5 wt% fraction is a fraction of the oxytetramethylene glycol copolymer, which 
fraction corresponds to the area of a part of a whole pealc representing the molecular we^ht distribution over the whole 
range! of from a low molecular weight to a high molecular weight in a gel permeation chromatogram of the oxytetram- 
ethylene glycol copolymer, wherein the part is taken on the side of the high nrralecular weight Including the maximum 
molecular weight In the whole pealc and wherein the area of the part of the whole peak is 1 5 %. based on the area of 
the whole peak. 

pol 91 In another aspect of the present Inventhm. there Is provkled a method fbr producing the oxytetramethylene 
glyool copolymer of daim 1 , which comprises: 

subjecting tetrafiydrofuran and neopentyl glycol to a copolymetlzation reactton in the presence of a heteropolyacid 
catalyst, 

the copolymerizadon reaction being continuously performed in the presence of water In a continuous copolymer- 
izedon reactor while continuously feeding tetrahydrofuran and neopentyl glycol to the continuous copotymerization 
reactor and while continuously removing water whk:h is by-produced in the copolymerization reaction so that the 
amount of water is adjusted to a level wherein a two-phase reactton system is formed which comprises an organic 
phase comprising a solution of neopentyl glycol In tetrahydrofuran and having a neopentyl glycol concentration of 
from 0.05 to 3.5 weight %, based on the weight of the organic phase, and a tetrahydrofuran/aqueous heteropolyacid 
phase comprising a solution of an aqueous heteropolyacid catalyst in tetrahydrofuran and having a spedfk; gravity 
of from 1.8 to 23, 

wherein the continuous oopolymefizatk>n reaction is continued while maintaining the two-phase reactton system, 
to theretyy form a copolymerlzaftton reaction mixture comprising a reacUon-lonned organic phase containing an oxyt&* 
tramettiylene glycol copolymer having a numt>er average molecutar weight of from 800 to 5000 and a reactk>n-f ormed 
tetrahydrofuran/aqueous heteropolyacid phase; 

separating the reaction-formed organic phase containing the oxytetramethylene glycol copolymer from the co- 
polymerization reaction mixture; and 

separating and purifying the oxytetramethylene glycol copolymer from the reactk>n-fomied organic phase. 
[0020] Hereinbelow, the present inventfon win be described in more detail. 

[0021] The oxytetramethylene glycol copolymer of the present invention Is an oxytetramethylene glycol copolymer, 
which is obtained bf copolymerizing tetrahydrofuran and neopentyt glycol and which has the following characteristics 
(1)to(4): 

(1) a number average molecular weight Mn of from 800 to 5000; 

(2) a characteristk: wherein the weight average molecular weight Mw and the number average molecular weight 
Mn satisfy either the fbllowing.(i) or the foltowing (ii): 

(i) a molecular weight distribution of 1 .8 or less in tenms of the Mw/Mn ratio, or 

(ii) a molecular weight distr&)ution of more than 1 .8 in terms of the Mw/Mn ratio, wherein Mw and Mn satisfy 
the relationship defined by the foitowing formula (I): 
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10^^ X (Mw/Mn-I.S)^ 
exp(Mn X 1.2/100) 



^ 1.100 



(I); 



(3) a neopentyl glycol copolymerizatlon whole ratio of from 6 to 30 mol%, wherein the neopentyt glycol copo- 
lynrmrization whole ratio N^ is defined as the molar percentage of the amount of neopentyl glycol monomer units 
present in the whole oxytetramethylene glycol copolymer, based on the total molar amount of the tetrahydrofuran 
monomer units and the neopentyl glycol units in the whole oxytetramethylene glycol copolymer; and 

(4) a characteristic wherein the number average molecular weight Mn. the neopentyl glycol copolymerizatlon whole 
ratio (mor%) of the oxytetramethylene glycol copolymer, and the neopentyl glycol copolymerization partial ratio 
N|, (mol%) of a high nralecular weight-side 15 wt% fraction of the oxytetramethylene glycol copolymer satisfy the 
relationship defined by the following formula (II): 



wherein is defined as the molar percentage of the amount of neopentyl glycol monomer units present in the 
high molecular weight-side 1 5 wt% fraction , based on the total molar amount of the tetrahydrofuran monomer units 
and the neopentyl glycol units in the high molecular weight««ide 15 wt% fraction, 

wherein the high molecular weight-side 15 wt% fraction is a fraction of the oxytetramethylene glycol copolymer, which 
fraction corresponds to the area of a part of a whole peak representing the molecular weight distribution over the whole 
range of from a tow molecular weight to a high molecular weight in a get permeation chromatogram of the oxytetram- 
ethylene glycol copolymer, 

wherein the part is taken on the skte of the high molecular weight including the maximum molecular weight in the whole 
peak and wherein the area of the part of the whole peak is 15 %, based on the area of the whole peak. 
[0022] The copolymer of the present invention Is composed of 7HF and NPG and contains tetramethylene ether 
bonds. Such a copolymer Is obtained by a complicated reaction mode which involves a simultaneous occurrence of 
multiple reactions, such as a living catk>nk: polymerization of THF, a termination reaction of the living cationic polym- 
erization by the hydroxyl group of NPG, and a copolymerization reaction comprising a dehydratton condensation be- 
tween a hydroxy! group of a temiinal THF unit and a hydroxyl group of either a tenminal NP6 unit or NPG monomer. 
Specrtt:aliy, In the final oxytetramethylene glycol copolymer, a high nrwiecular weight polymer chain is likely to contain 
a long THF homopolymer region and a middle to a low molecular weight polymer chain is likely to contain a short THF 
homopolymer region; Therefore, the molecular weight distribution of all polymer chains of the whole oxytetramethylene 
glycol copolymer reflects the length of the THF homopolymer region. Accordingly, even when the molecular weight of 
a certain copolymer chain is twice as large as that of another, the nwlar amount of NPG monomer units contained In 
the copolymer chain become s smaller than the twice molar antount 

[0023] Tlie number average nndecular weight M n of the oxytetramethylene glycol copolymer of the present Invention 
is of from 800 to 5,000, preferably from 900 to 3.000. When the number average molecular weight of the copolymer 
Is less than 800, such a copolymer exhibits improved tow temperature properties due, for example, to a low melting 
point and a low glass transition temperature; however, an elastic product having desired excellent properties cannot 
be obtained by using such too srmll a number average molecular weight oxytetramethylene glycol copolymer as a raw 
material. Further, when the number average molecular weight of the copolymer is more than 5,000, for obtaining a 
copolyntcr having a melting point whteh Is less titan room temperature, ttie neopentyl glycol (NPG) copolymerization 
ratio of the whole oxytetramethylene glycol copolymer must become higher than 30 mol%. However, as explained 
below, when ttic NPG copolymerization ratio of a copolymer exceeds 30 mol%. the effect obtained by adjusting the 
NPG copolymerization ratio depending on the molecular weight range becomes small. 

P024] Further, the oxytetramethylene glycol copolymer of the present Invention Includes both a copolymer molecule 
having a molecular weight distribution of 1 .8 or less in terms of the Mw/Mn ratio and a copolymer molecule having a 
molecular weight cfistributf on of more tiian 1 .8 in temns of the Mw/Mn ratio, wherein Mw represents the weight average 
molecular weight of the copolymer and Mn represents the number average molecular weight of the copolymer. With 
respect to the copolymer molecule having a molecular weight distribution of 1,8 or less, it is preferred that the molecular 
weight distribution is narrow as possible. Spedfk^ally, it is preferred ttiat tiie molecular weight distribution is 1 .7 or less 
in the case of the copolymer having a molecular weight distribution of less ttian 1 .8. Such a nanwr molecular weight 
distribution results in a decrease in an amount of the high molecular weight polymer chains which have very high 
molecular weight as comparedto the average molecular weight. TTie presence of high nnolecularweight polymer chains 
adversely affects the low temperature properties of the copolymer and, ttius. the decrease in tiie amount of the hi^ 
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molecular weight polymer chains leads to an improvement in the low temperature properties of the whole copolymer. 
[0025] However, even when the molecular weight distribution of the copolymer is more than 1 .B, a copolymer which 
satisfies the relationship defined by the following formula (I) fails within the scope of the present invention: 

10^^x(Mw/Mn-1,8)'^ 

[0026] Hie index represented by formula (I) above (hereinafter, frequently referred to as "index a') shows a relation- 
ship between the number average molecular weight and the weight average molecular weight, and it implies that the 
molecular weight distribution may t>e broadened slightly when the number average nrralecular weight of the copolymer 
is high. This is t)ecause the effect of the narrow molecular weight distribution on the improvement in the low temperature 
properties becomes small in the case of a copolymer having a relatively large number average molecular weight. In 
other words, a copolymer fraction having a relatively smaU nurrdier average molecular weight exerts a high level of the 
above-mentioned improvement in the low temperature properties, which is achieved by the nanrow molecular wefght 
distribution (i.e.. the presence of high molecular weight molecules in a small amount), but the high molecular weight 
fraction exerts only a low level of the tmprovement In the low temperature properties as compared to that of the low 
molecular weight fraction. 

[0027] In the present invention, index a is not more than 1 .100, preferably not more than O.BDO. more preferably not 
more than 0.500. When a copolymer has a broad molecular weight distribution such that index a exceeds 1 .1 00, such 
a copolymer contains polymer chains having a very high ntolecularweight In this case, even when tfie number average 
molecular weight is high, the low temperature properties of the copolymer are lowered by the adverse effects of the 
polymer chains having a very high molecular weight 

\fi02a] The rieopentyl glycol copolymerization whole ratio of the oxytetramethylene glycol copolymer of the 
present invention is from 6 to 30 mol%. preferably from 9 to 25 mol%. The neopentyl glycol copolymerization whole 
ratio (NPG copolymerization whole ratio) is defined as the mptar percentage of the amount of neopentyl glycol 
monomer units present in the whole oxytetramethylene glycol copolymer, based on the total molar amount of the 
tmrahydrofuran monomer units and the neoperrtyt glycol units In ttie whole oxytetramethylene glycol copolymer. In the 
present invention, is measured by means of ^H-NMR. Specif ically, the f^^, value is calculated from the integral value 
of the methylene protons of methylene groups of a THF chain having methylene groups at both terminals thereof and 
the Integral value of the methyl protons of NPG. 

[0029] When the NPG copolymerization whole ratio is less ttian 6 mol%, the copolymerization effect becomes low, 
and a copolymer having a number average molecular weight of 2,000 or more takes a solid fomn at room temperature. 
In other words, the melting point of such a copolymer becomes higher than room temperature (20 "C). The temn 'co- 
polymerization effect" used in the present invention is defined as the lowering in the melting point which is achieved 
by the copolymerization of THF with a comonomer. wherein not only is the regularity of the THF homopolymer chain 
eliminated, but a lowering in the intemnolecuteir interaction of the polymer chains is also caused. On the other hand, 
when the NPG copolymerization whole ratio is more than 30 mol%. such a copolymer no longer exhibits ttie above- 
mentioned copolymerization effect obtained by adjusting the NPG copolymerization ratio depending on each nnolecular 
weight range. 

[0030] The melting point of an oxytetramethylene glycol copolymer can be kmered ty increasing the NPG copoly- 
merization whole ratio, and a copolymer having an NPG copolyrnerization whole ratio of 20 mol% or more no longer 
exhibits a melting point. When ttie NPG copolymerization whole ratio Is less than 20 mol%. the melting point of an 
oxytetramethylene glycol copolynrter is elevated in accordance witti an increase of the molecular weight. Further, the 
glass transition temperature k>ecomes minimum at a point In the vidnlty of from 3 to 20 nrkoi% In terms of NPG copol- 
ymerization whole ratio. This minimization point varies depending on the molecular weight of the copolymer, and the 
minln^ation point is lowered in accordance with the increase of the molecular weight In view of these properties, for 
lowering the melting point and glass transition temperature of an oxytetramethylene glycol copolymer, the NPG copo- 
lynnertzation whole ratio of the oxytetramethylene glycol copolymer must be 6 mol% or more. 
[0031] In addition, the oxytetramethylene glycol copolymer of the present invention has not only an NPG copolym- 
erization whole ratio within the above-mentioned range, but also different NPG copolymerization ratios In the low nrK>- 
lecutar weight-side fraction and in the high molecular weight-side fraction. The present inventors have made an ex- 
tenshre and intensive study for produdng an oxytetramettiylene glycol copolymer having improved low temperature 
properties and have found that, with respect to those relatively low molecular weight copolymers wh ich have a molecular 
weight of 2,000 or less, the glass transition temperature t^econrtes minimum at an NPG copolymerization ratio of ap- 
proximately 10 mol%. and witii respect to those relatively high molecular weight copolymers which have a molecular 
weight of more than 2,000, the glass trartsition temperature becomes minimum at a point wittiln the range of 5 mol% 
or less In terms of an NPG copolymerization ratio. This finding implies tiiat, even witti respect to a certain oxytetram- 
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ethylene glycol copolymer having the same average molecular weight as that of the conventional oxytetramethylene 
glycol copolymer, if the NPG copolymerizatron ratio of each molecular weight fraction is specifically adjusted, it would 
be possible to produce an oxytetramethylene glycol copolymer having a low melting point and a low glass transition 
temperature which have never been achieved in the art. As a result of the specific adjustment of the NPG copolymer* 
5 izatlon ratio of each molecular weight fraction, the oxytetramethylene glycol copolymer of the present invention has a 
characteristic wherein the number average molecular weight Mn, the neopentyl glycol copotynrterization whole ratio 
(mol%) of the oxytetramethylene glycol copolymer, and the neopentyl glycol copolymerizatlon partial ratio (mol%) 
of a high molecular weight-side 15 wt% fraction of the oxytetramethylene glycol copolymer satisfy the relationship 
defined by the following formula (II): 

10 

/ ^ ' Mn^^ < 0.0560 (11), 

wherein N|, Is defined as the molar percentage of the amount of neopentyl glycol monomer units present in the 
15 high molecular weight-side 15 wt% fraction, based on the total molar amount of the tetrahydrofuran monomer units 
and the neopentyl glycol units in the high molecular weight-side 15 wt% fraction. 

In the present invention, the 'high molecular weight-side 15 wt% fraction* is a fraction of the oxytetramethylene glycol 
copolymer, which fraction corresponds to the area of a part of a whole peak representing the molecular weight distri- 
bution over the whole range of from a low molecular weight to a high molecular weight in a gel penneation chromatogram 

20 of the oxytetramethylene glycol copolymer, wherein the part 1$ talcen on the side of the high molecular weight Including 
the maximum molecular weight in the whole pealc and wherein the area of the part of the whole peak is 15 %. based 
on the area of the whole peak. The high molecular weight-sMe 1 5 wt% fractton is obtained empirically by preparative 
gel pemieatton chromatography (GPC). Spedfteally, the molecular weight fractionation of the oopolyrner molecules Is 
performed by utilizing the difference in retentton time, and the high molecular weight-side 15 wt% fractton is obtained 

25 by recovering a fraction which corresponds to a part of a whole peak in a gel penneation chromatogram of the oxyte- 
, trannethyteneglycolcopolymer,whereinthepartistakenontheskjeofthehighrnolecularwel^^^ 

molecular weight in the whole peak and wherein the area of the part of the whole peak is 15 %, based on the area of 
the whole peak. An example of a gel permeation chromatogram of the oxytetramethylene glycol copolymer of the 
present invention is shown in Fig. 1 . In F^. 1 , the left-hand side is the side of the high molecular weight and the right- 

30 hand side is the side of the tow motocular weight, and the hatched portion shows the high molecular we^ht-sMe 1 5 
wt% fractton. There is no particular limitBtton to the method for obtaining the gel permeation chromatogram, but a 
preparative gel permeation chromatography was perfomned In the present Invention. The conditions employed in the 
present inventton for perfofming a preparative GPC are shown betow. 

3S Apparatus: LC-908 (manufactured and sokJ by Japan Analytical Industry Co., Ltd., Japan) 

Columns: Shodex 1^001 and H2002 are used when the number average molecular weight is less than 3,000. and 
Shodex H2001 , H2002 and H2002.5 are used when the number average molecular weight is 3,000 or more (each 
manufactured and sold by Showa Denko K. K., Japan); 
elector Differential r^ractometer (Rl); 

^ Temperature: 40 •C; 
Eiuent: chloroform 
fHow rate of the eiuent 3 ml/mln; 

Sampto: chloroform solutton containing 3 wt% of a copolymer; 
Amount of the injected sample: 3 ml; 
^ Sampling numt)er for fractions: 5; and 
Sampling interval for fractions: 1 0 sea 

[0032] After obtaining a chromatogram by GPC under the abovemntioned conditions, the fractions on the high 
molecular weight side are collected so that the total area of ttie fractions corresponds to 1 5 % of the area of the whole 
50 peak representing the molecular we^ht distribution over the whole range of from a low nnolecutar weight to a high 
molecu lar we^ht. Chloroform is distilled off from the collected fraction at 60 ^'C under 5 Torr to ttiereby by obtain a high 
molecular we^ht-stde 1 5 wt% fraction, and tiie NPG copolymerlzation ratio of the obtained high molecular weight-side 
1 5 wt% fraction is analyzed by ^H-NMR in the same manner as nwnttoned above. 

[0033] The atiscsssa of a chromatogram obtained by a preparative GPC, such as mentioned above, indicates the 
55 retention time, wherein it should be noted that the abscissa of a chromatogram obtained by an analytical GPC indicates 
a logarithm of the molecular weight Comparison of these two types of chromatograms mcqr reveal the absence of 
linearity between the retention time and the togarithm of the molecular weight at the high molecular weight side of the 
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chromatograms. As a resutt. the abscissa of an ordinary GPC chromatogram showing the nrolecijlar weight distribution 
IS sometimes extended on the high molecular weight side thereof. Further^ a difference is observed In the molecular 
weight distn*butlon due to the difference In the preclseness of the columns used for GPC. However, the measurement 
result of a preparative GPC and the measurement nssutt of an analytical GPC become substantially the same when 
high peif omfiance columns* such as those which are used in the present invention, are employed. Therefore, although 
the high molecular weight-side 15 wt% fraction is recovered by a preparative GPC in the present invention, it is con- 
sidered that the reoyvered high molecular weight-side 15 wt% fraction Is substantially the same as a fraction of the 
oxytetramethytene glycol copolymer obtained by an analytical GPC, which fraction corresponds to the area of a part 
of a whole peak representing the molecular wefeht dlstn*bution over the whole range of from a low molecular weight to 
a high molecular weight In a gel pemieation chromatogram of ttie oxytetramethylene glycol copolymer, wherein the 
part is taken on the side of the high molecular weight Including the maximum molecular weight In the whole peak and 
wherein tiie area of the part of the whole peak is 15 %, based on the area of ttie whole peak. In the present invention, 
the preparative GPC was performed using LG-908 (manufactured and sokl by Japan Analytical Industry Co., Ltd., 
Japan) as a GPC apparatus and Shodex H2001 , H2002 and H2002.5 (each manufactured and soM by Showa Denko 
K. K., Japan) as columns, and the analytical GPC was performed using HLC-8220 GPC (manufactured and soM by 
Tosoh Corporation, Japan) as a GPC apparatus and TSKgel SuperH3000. TSKgel SuperH2000 and TSKgel 
SuperHI 000 (manufactured and sold by Tosoh Corporation, Japan) as columns. 

[0034] In formula (II) above, which Is ttie molar percentage of the amount of neopentyi glycol monomer units 
present in ttie high molecular weight-side 15 wt% fraction has a large influence on the glass transition temperature of 
the whole copolymer. In the polymer chains having high molecular weights, the glass transition temperature becomes 
minimum when ttie NRG copolymertzaiion ratio becomes relatively low. Therefore, ttie glass transition temperature of 
the whole copolymer can be lowered by decreasing ttie NPG oopolymerization ratio of the high molecular weight co- 
polymer chains. 

[0035] The Index represented by fonnula (II) above (hereinafter, frequently refonred to as "inctox P") is an empirksal 
formula obtained by ttie present inventors, and It Is preferred ttiat ttie index p is as low as possible. However, In practice, 
it is technicatly drff icutt to produce a copolymer having a p value of less than 0.035. 

[0036] The oxytetramethylene glycol copolymer of the present invention having ail of the above-mentioned charac- 
teristics (1 ) to (4) exhibits Improved low temperature properties and can be advantageously used for producing elastic 
products having exceBent properties. 

[00371 The method for produdrig the oxytetramettiylene glycol copolymer of ttie present invention which has im- 
proved kyw temperature properties is explained in detail below. 

[0038] The mettiod for producing the oxytetramethylene glycol copolymer of ttie present invention comprises: 

subjecting tetrahydrofuran and neopentyi glycol to a oopolymerization reaction In ttie presence of a heteropolyacki 
catalyst, 

the oopolymerization reaction being continuously perfomned In the presence of water in a continuous copolymer- 
ization reactor while continuously feeding tetrahydrofuran and neopentyi glycol to the continuous oopolymerization 
reactor and while continuously removing water which is byi)rDduced In the oopolymerization reaction so that the 
amount of water is adjusted to a level wherein a two-phase reactton system Is formed whfeh comprises an organic 
phase comprising a solution of neopentyi glycol in tetrahydrofuran and having a neopentyi glycol concentration of 
from 0^05 to 3.5 weight %. based on ttie we^ of ttie organk: phase, and a tetrahydrofuran/aqueous heteropolyacM 
phase comprising a solutton of an aqueous heteropolyactd catalyst In tetrahydrofuran and having a spedTic gravity 
of from 1.B to 2.3, 

wherein the continuous copotymerizatton reaction is continued while maintaining the two-phase reaction system, 
to ttiereby form a copolymerizatton reaction mixture comprising a reaction-formed organk: phase containing an oxyte- 
tramettiylene glycol copolymer having a nuiDber average molecular weight of from 800 to 5000 and a reaction-formed 
tetrahydrofuran/aqueous heteropolyadd phas^, 

separating the reaction-formed organic phase containing the oxytetramethylene glycol copolymer from the copo- 

lyrnerization reaction mixture; and 

separating and purifying the oxytetramethytene glycol copolymer from the reaction-fonned organk: phase. 

[0039] Tetrahydrofuran (THF) and neopentyi glycol (NPG) are raw materials for ttie oxytetramettiylene glycol copol- 
ymer of the present Invention. The copolymer of the present inventfon is composed of these two monomers, but it may 
contain a small amount of other ^er type oomonomers. Examples of otttercomonomers Include 3^ethyl-tetrahydro- 
furan, 1 ,2-propylene oxide, 3-mettiyl-oxetane and ttie like. In such an oxytetrarnethylene glycol copolymer, ttie copo- 
lymerization ratio of a comonomer ottier ttian NPG is ttie same as that of NPG, namely 6 to 30 mol%. 
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[0040] The heteropotyadd used as a potymerfzation catalyst in the present Invention is an acid obtained by the 
condensation of an oxide of at least one metal species selected from the group consisting of molybdenum (Mo), tungsten 
(W) and vanadium (V), and an oxyadd of other elements, such as phosphorus(P). silicon (Si), arsenic (As), gemnanium 
(Ge). boron (B), titanium (Ti), cerium (Ce) and cobalt (Co). The atomb ratio of the metal spedes (any one or more of 
metals selected from the group consisting of Mo. W and V) contained In the heteropolyacid to other elements in the 
heteropolyadd is 2.5 to 1 2. 

[0041] The heteropolyadd may be in the form of a Br0n-sted add or a salt thereof. Specific examples of heteropol- 
yadds and salts thereof indude phosphomolytxfic acid, phosphotungst'c add. phosphomolyt>dotungstic add. phos- 
phomolybdovanadicadd. phosphomolybdotungstovanadicadd. phosphotungstovanadic add. phosphomolyt^doniobic 
add. siltcotungstic add, silicomolybdic acid. siltconrralyt>dotungsttc add. sllicomotybdotungstovanadic add, genmano- 
tungstlc add. borotungstic add. boromolybdic add, boromolybdotungstlc add. boromolybdovanadic add. boromolyt>- 
dotungstovanadic add. cobaltmolbdic add, cobalttungstic add, arsenomolybdic add, arsenotungstic add. titanomo- 
tytxlic add and oefomolybdic add, and metal salts thereof. A preferred heteropolyadd is an oxyacid obtained tff the 
condensation of an oxide of at least one metal spedes selected from the group consisting of Mo and W, and an oxyacid 
of at least one element selected from P and Si. 

[0042] I n the present invention, the copotymerization reaction is continuously performed in the presence of water In* 
a continuous copolymerlzalion reactor while continuously feeding tetrahydrofuran and neopentyl glycol to the contin- 
uous copolymerization reactor and whDe continuously removing water which Is tyy*produced in the copotymerization 
reaction so that the amount of water Is adjusted to a level wherein a two-phase reaction system Is formed. The two- 
phase reaction system comprises an organic phase comprising a solution of neopentyl glycol In tetrahydrofuran and 
having a neopentyl glycol concentration of from 0.05 to 3S weight %, based on the weight of the organic phase, and 
a tetra-hydrofuran/aqueous heteropolyacid phase (hereinafter, frequently referred to simply as a 'catalyst phase") com- 
prising a solution of an aqueous heteropolyadd catalyst in tetrahydrofuran and having a specific gravity of from 1 .8 to 
2.3, 

[0043] In general, an anhydrous heteropolyacid Is sparingly soluble in an anhydrous THF, but well soluble In a mixed 
solvent prepared tjy adding a small amount of water to THF. Weter, THF and a heteropolyadd can be mixed togetiier 
while adjusting the amounts of water, THF and heteropolyadd to values within their respecthm ranges wherein the 
resultant mixture becomes a h^ropolyactd solution, to thereby obtain a catalyst phase having a specific gravity of 
from 1 .8 to 2.3. The reason why the reaction system used In the present invention separates into two phases, namely 
an organic phase and a catalyst phase, is not fully eluddated, but it is considered that a smaU amount of water is 
coordinated to the heteropolyadd. 

[0044] When the spedfic gravity of the catalyst phase is less than 1 .8. the polymerization rate is niaricedly lowered 
and the retention time in the polymerization reactor becomes markedly long. As a result, the produced oxytetrameth* 
yiene glycol copolymer has a broad molecular weight distribution and exhibits a high glass transition temperature. 
Accordingly, it is preferred that the catalyst phase has a high spedfic gravity, espedaily a specific gravity of 1.9 or 
more. However, when the spedfic gravity of the catalyst phase exceeds 2.3. a part of the heteropolyadd catalyst 
contained in the catalyst phase predpitates and the catalyst phase becomes a sluny. The predpltated (solidified) 
heteropolyadd catalyst moves rapidly between the catalyst phase and the organic phase, thereby causi ng the catalytic 
activity In the organic phase to become high. As a result, it becomes difficult to produce a copolymer having a narrow 
molecular weight distrQ>ution which is obtained by the use of a catalyst In the liquid state. In addition, since only the 
addic groups at the surface of the solid heleropc^yadd exhibit a catalytic activity, the predpltation of a large amount 
of a solid heteropolyadd causes the number of effective add groups to be decreased, leading to a lowering of the 
reaction rate. 

[0045] There is a correlation between the spedfic gravity of the catalyst phase in the reaction system and the amount 
of water coordinated to a heteropolyadd. When the catalyst phase is produced using a heteropolyadd In which the 
amount of water coordinated titereto is 6 moles per mole of the heteropolyadd. the spedfic gravity of the catalyst phase 
at room temperature becomes 1 .6 to 1 .7. Ther^ore, in order to obtdn a catalyst phase having a specific gravity of 1 .8 
or more, the amount of water coordinated to the heteropotyadd must be less than 6 moles per mole of the heteropol- 
yacid. It should noted ttiat ttie spedfic gravity of ttie catalyst phase is not detennined solely by the amount of water 
coordinated to the heteropolyadd. and that the spedfic gravity of ttie catalyst phase is also Influenced by the anwunt 
of NPQ contained in the reaction system and the temperature of the reaction system. In any case, under the polym- 
erization conditions employed in the present invention, for obtaining a catalyst phase having a specific gravity of 1 .8 
or more, the annount of water coordinated to the heteropolyadd must be less than 6 moles per mole of the heteropol- 
yadd. 

[00461 In the present invention, the NPG concentration of the organic phase is maintained at 0.05 to 33 wt%. Here- 
inbelow.the effectsof maintaining ttie NPG concentration of the organic phase at a constant value is explained In detail. 
[0047] In the polymerization reaction of the piesent invention, polyrners are elongated by a complicated reaction 
mode which involves a simultaneous occurrence of muttipte reactions, such as a living cationic polymerization of THF. 
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a termination reason of the living cationic poiymerization by the hydroxy! group of NPG, and a copotymerizatlon re- 
action comprising a dehydration condensation between a hydroxyl group of a tenninat THF unit and a hydroxyl group 
of either a terminal NPG unit or an NPG monomer. When the polymerization reaction is performed under conditions 
wherein a polymer chain consisting of THF (that is, the region In the copolymer which consists of THF (THF homopol> 

5 ymer region)), which is produced by the thdng cationic polynnerization, has a broad molecular weight distribution, the 
final oxytetramethytene glycol copolymer contains a high molecular weight polymer chain having a long THF homopol- 
ymer region and a middle to a low molecular weight polymer chain having a short THF homopolymer region. Therefore, 
the molecular weight distribution of the whole oxytetramethylene glycol copolymer reflects the length of the THF 
homopolymer region, and the polymer chains having different molecular weights will contain substantially the same 

10 molar amount of NPG. 

[0048] For producing a copolynr^ having the above-mentioned compositton, it is necessary to selectively perform 
the living cationic polymerization of THF. Specifically, the above-mentioned copolymer is obtained only by maintaining 
the NPG concentration of the organic phase at a constant value in the range of from 0.05 to 3.5 wt%. It is considered 
that an appropriate amount of NPG functions as a surfactant for the THF homopolymer in the catalyst phase, and this 

f5 enables a long THF homopolymer to reside in the catalyst phase. 

[0049] The NPG concentration of the organic phase must be maintained within the range of from 0.05 to 3.5 wt%, 
and It is prefenred that the NPG concentration is of from 0.1 to 2 wt%, rrwre preferably from 0.1 to 1 wl%. When the 
NPG concentration is maintained within the ak>ove-mentioned range, there is a relative decrease in the NPG copoly- 
merization ratio of the high molecular weight polymer chains. When the NPG concentration of the organic phase is 

so less than 0.05 wt%, it is Impossible to produce an oxytetramethylene glycol copolymer having an NPG oopolymerization 
ratio of 6 mol% or more and, thus, the produced oxytetramethylene glycol copolymer exhibits high melting point and 
high glass transition temperature. 

[0050] On the other hand, when the NPG concentration of the organic phase Is 3.5 wt% or more, NPG significantiy 
causes the tenmination of the living cationic polymerization of THF, and only polymer chains having a very short THF 

25 polymer region are produced. As a result, tfte molecular weight distribution of the THF homopolymer region becomes 
very narrow, and ttie N PG copolymerization ratio of the high molecular weight polymer chains in the molecular weight 
disbibution of the oxytetramethylene glycol copolymer becomes relatively high. As explained atx>ve, in the h^h mo- 
lecular weight polymer chains, ttie glass transition temperature becomes minimum when the NPG copolymerization 
ratio is relatively low, and the glass transition temperature of the whole oxytetramethylene glycol copolymer can be 

30 lowered by decreasing the NPG copolymerization ratio of the high molecular weight polymer chains. 

[0051] In the method of the present invention, water which Is by-produced during the copolymerization reaction is 
removed from the contfrtuous oopolymerization reactor. In a continuous reaction, when the by-produced water is not 
removed from the reaction system, the amount of water contained in ttie reaction system Increases and lowers the 
specific gravity of the catalyst phase, thereby causing the organic phase and the catalyst phase to become uniform 

35 (that is. ttie reaction system f onns a singlei>hase reaction system instead of a two-phase reaction system). Therefore, 
water by^roduced during the copolymerization reaction must be removed from the reaction systern so as to maintain 
the specific gravity of the catalyst phase at a constant value. 

[0052] Hereinbelow, an explanation is made on a mettiod for removing water by-pmduced during the copolymeriza- 
tion reaction.. 

40 [0053] Since ttie method of the present Invention comprises a continuous copolymerization reaction, the by-produced 
water must be removed continuously from the reaction system. The mettiod employed in the present invention for 
removing water from the reaction system is a method in which water and THF are azeotroplcally distilled off from the 
reaction system and THF Is retumed to the reaction mixture In an amount which Is equivalent to the amount of THF 
removed by the azeotroptc distillation. In this case, the azeotropic distillation of water and THF may be perfomied by 

45 using the system shown in Fig. 2. wherein the gaseous phase containing the azeotropic vapor is withdrawn from the 
reaction system or, alternatively, by using the system shown in Rg. 3, wherein the reaction system is separated into 
the organic phase and the catalyst phase, followed by the withdrawal of the azeotropic vapor of water and THF. 
[0054] In themethod in which water and THF are removed by azeotropic distillation from a reaction system containing 
both the organic phase and ttie catalyst phase, since the mot fraction of water in ttie catalyst phase is higher ttian the 

50 mol fraction of water in the organic phase, the mol fraction of water In the total of the organic phase and ttie catalyst 
phase is higher ttian the mol fraction of the organic phase. Therefore, ttiis method is considered to exhibit a h^er 
water removal efficiency than a method in which an organic phase is separated from a catalyst phase and water Is 
removed from the separated organic phase. Further, in this method, a lowering of the inner pressure of the reactor so 
as to lower the boiling point of water is effective for improving ttie water wittidrawai rate. However, when water in the 

55 reaction system comprising both ttie organic phase and the catalyst phase is removed witti TH F by azeotropic distil- 
lation, a precise control of the reaction temperature may become difficult when the water removal is perfomied at a 
high reaction rate such ttiat the latent heat of vaporization necessary for the azeotropic dlstillaflon adversely affects 
the reaction temperature. 



12 



EP 1361 243 A1 

[0055] For removing water while maintaining ttie stable polymerization reaction conditions, it is preferred that the 
reaction system is separated into the organic phase and the catalyst phase and, then, the azeotropic mixture of water 
and THF is withdrawn from the organic phase. In this method, It Is prefen^ed that a part of the organic phase withdrawn 
from the reaction system is returned to the reaction system so as to achieve a predetemiined retention time. 

5 [0056] In the present invention, the copolynrterizatlon reaction proceeds In a two-phase reaction system connprising 
an organic phase and a catalyst phase, and most of the copolymerlzatbn reaction proceeds in the catalyst phase. For 
increasing the reaction rale, it is necessary to increase the effidency of contact between the organic phase containing 
~n-IF and NPG which are the raw material monomers and the catalyst phase which is the polymerization reaction site. 
In the present invention, the reaction rate is increased by appropriately controlling the shape of the reactor and the 

10 effidency of agitation so as to improve the efficiency of contact. 

[0057] Hereink)eIow. an explanation is made with respect to the shape of the continuous polymerization reactor and 
the efficiency of agitation. 

IP058] The continuous polymerization reactor used in the present Invention may be or may not be equipped with a 
baffle on the inner wall of the reactor. It is preferred that the polymerization reactor is equipped with a baffle. With 
f5 respect to the liquid contents In the polymerization reactor, the L/D value (wherein L represents the depth of the liquid 
contents in the polymerization reactor and D represents the diameter of the potymerizaUon reactor) is preferably in the 
range of from 0.5 to 1 0, more preferably from 1 to 3. 

[0059] There is no particular limitation with respect to the morphology of the impeller. For example, the frnpelter is 
selected from an anchor Impeller, a turbine, a propeller, a plane blade puddle, a curved blade puddle, a Raudler type 

^ impeller, and a Bulmarzin type Impeller, preferably from an anchor impeller, a turbine, a propeller and puddles. The 
. impeliers may have an an{^ed blade or a pitched blade. The width of the blades greatly varies depending on the type 
(morphology) of the impeller, and is not particularly limbed. The number of the blades attached to the shaft of the 
impeller is generally from 1 to 1 0, usually from 1 to 3. However, an impeller having more than ten blades and an impeller 
having only one blade can be used without causing any problem. With respect to the size of the impeller, it is preferred 

25 that the value d/D (wherein d represents the dianteter of the blade of the Impeller, which is twice as long as the length 
of the blade of the impeller; and D represents the diameter of the polymerization reactor) is from 0.1 to 0.95, preferably 
from 0.3 to 0.8. TTie preferred range of the revolution speed of the stirrer greatly varies depending on the structure of 
the impeiter. Therefore, the revolution speed of the stirrer is controlled in accordance wfth the structures of the reactor 
and impeller so as to give a motive power (P) within the desired range. Basically. It is preferred that the impeller has 

30 a structure such that a large motive power is obtained by a slow revolution speed. 

[0060] Onemethodforinriprovlngtheagitationeffidencyofthepolymerizationreactoristoincreasethem 
Excellent agitation efficiency is achieved when themothrepower(P/V) applied to the liquid per unit volume thereof 
{wherein P represents the motive power (kW) applied to the liquid fn the reactor and V represents the volume (m3) of . 
the liquid in the reactor) is 0.1 or more. Since an increase of the P/V value resutls in an increase of the reactmn rate. 

35 it is prefened to make the P/V value as large as possit>le. However, no further bnprovement Is achieved even when 
the PA/ value becomes larger than 6. 

[0081] Further, for improving the agitation etfiderwy of the reactton system, it is preferred that the ratio of the volume 
of the catalyst phase to the volume of the liquid in the reactor (CV/V) {wherein CV represents the volume of the catalyst 
phase in the reactor and V represents the volume of the tlquM In the reactor) Is from 0.1 to 0.9. In the continuous 
40 polymerization reactton of the present invention, when the CVA/ value is high, a satisfactory polymerization reaction 
can be achieved even when the retention time (V/F) of the raw material monomers (THF and NPG) in the reactor 
{wherein V represents the volume (m^) of ttie liquid in the reactor and F represents the rate (m^our) of feeding the 
raw materteis to the reactor) is small. 

P062] In the method of the present invention for producing an oxytetramethytene glycol copolymer, the amount of 
45 oxygen present in the reaction system is suppressed to a level as low as possible for preventing the discotoration of 
the oxytetramethyiene glycol copolymer whk:h is caused by the presence of oxygen during the polymerization reaction. 
Specif k»ily, ttte oxygen concentration of the reaction system is preferably 1000 ppm or less, and the low oxygen 
concentration can be achieved by performing the polymerizatton reaction in an atmosphere of an inert gas, such as 
nitrogen gas, helium gas, argon gas and neon gas. 
50 [0063] A copolymertzation reaction mixture obtained in the above-mentioned manner can be left still after ttie termi- 
nation of the polymerization reaction to thereby effect a phase separation of the reaction mixture into a reaction-fonned 
organic phase containing the oxytetramethyiene glycol copolymer and a catalyst phase, and only the reactran-fomied 
organic phase can be recovered to thereby remove a targe part of the polymerization catalyst contained in the reaction 
mixture. However, since the reactk>n-formed organic phase contains unreacted raw nnaterial monomera and a small 
55 amount of the catalyst, it is prEferred tfiat further separation and purifk:ation of the copolymer is perfonned. There is 
no particular Iknitation to the method for separating and purifying ttie copolymer and the copolymer can be purified by 
any conventional method. For example, use can be made of a purification method employed in the prior art, such as 
Unexamined Japanese Patent Applk»tion Ijakl-Open Sped^cation Nos. Sho 60^03633, She 61-120830, Sho 
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61-123630, He! 6-87951. Hei 9-291147. Hel 1M7811. Hei 10-87812 and Hel 10-87813. 

[0064] Hereinbetow, an explanation is made on one example of a purification process which can be perfomied after 
producing a copolymer by the method of the present invention. 

[0065] The organic phase which is separated from the catalyst phase is subjected to distillation to thereby remove 
a portion of THF remain&ng in the organic phase. It is preferred that the temperature for distilling off THF Is in the range 
of from 40 to 1 00 ''C. Since a small amount of the polymerization catalyst is also dissolved in the organic phase, the 
exposure of the organic phase to high temperatures for a long time may cause problems, such as depolymertzation 
of a THF tenrdna) of the oxytetramethylene glycol copolymer^ and incorporation of the unreacted NRG into the oxyte- 
tramethylene glycol copolymer by the dehydration condensation between a part of the unreacted NPG and the oxyte- 
tramethylene glycol copolymer. Therefore, the distillation of THF is preferably perfonmed at a relatively low temperature 
which is not higher than 70 more preferably 50 to 60 ''C. Further, an optimum range of the distillation pressure may 
slightly vary depending on the area of the heat transfer and the retention time in the reaction system, but the distillation 
pressure is preferably in the range of from 0.1 to 5 atm. In addition, it Is preferred that the degree of vacuum Is 200 
Torr or more tor maintaining the temperatiire of the cooling medium for cooling and condensing the distDled THF at 
room temperature or higher, and the degree of vacuum of 600 Tonr or less Is preferred for improving the distillation 
rate. Therefore, distillation of THF Is preferably perfonned under 200 to 600 Torr. 

[0066] Next, a saturated hydrocarbon having 6 to 1 0 C3rt>on atoms (Cq-Cio saturated hydrocart>on) is added to the 
organic phase to thereby remove the residual catalyst. A Cq-C^ q saturated hydrocartK>n is preferably used for removing 
the catalyst, and examples of such saturated hydrocartwns Include cydohexane, cydoheptane, cyclooctane, cydono- 
nane, cyctodecane, methytcydopentane, methylcydohexane, 2-ethyihexane, n-hexane, n-heptane. n-octane, n-non- 
ane and n-decane. After the addition of the saturated hydrocart>on to the organic phase, the organic phase has the 
following composition: 10 to 60 wt% of an oxytetramethylene glycol copolymer, 1 to 30 wt% of THF and 10 to 89 wt% 
of a saturated hydrocarbon. A saturated hydrocarbon Is used as a poor solvent for InsolublHzing the heteropolyadd 
catalyst dissolved in ttte oxytetramethylene glycol copolymer However, when the oxytetramethylene glycol copolymer 
Is mixed solely with a saturated hydrocartKMi, the copolymer and the saturated hydrocarbon separate Into two liquid 
phases and the saturated hydrocarbon is incapable of exhibiting a satisfactory effect as a poor soh^nt. For sohnng 
this problem, THF which is a good solvent for the catalyst is used In an amount such that THF functions as a surfactant 
for preventing the phase separation of the oxytetram^hylene glycol copolymer and ttte saturated hydn)cart>on. There- 
fore, it is preferred that the residual THF is contained in the organic phase in a minimum amount which prevents the 
phase separation ci the saturated hydrocart»>n and the oxytetramethylene glycol copolymer. The saturated hydrocar- 
bon Is used in an anrtount which is not less than the weight of the oxytetramethylene glycol copolymer so that the 
saturated hydrocartwn hinctiona effectively as a poor solvent for the catalyst and the amount of the saturated hydro- 
cartx>n is sufficient for removing the catalyst 

[0067] Only a very small amount of the catalyst phase is separated from the organic phase by the addition of the 
• saturated hydrocait>on and, thus, a portion of the separated catalyst phase gets mixed with the organic phase. There- 
fore, it is preferred that the organic phase is filtered through a filter having a pore diameter of 1 ^m or less. A filter 
having a pore diameter of 0.5 or less is used to filter off the catalyst phase more efficiently. 
[0068] After the filtration process, the amount of the catalyst remaining in the oxytetramethylene glycol copolymer 
becomes 1 00 ppm or less. For further decreasing the catalyst content of the oxytetramethylene glycol copolymer, the 
organicphaseassuch can be contacted with asoiid adsorbent, such as an activated cart>on, catdum oxide, magnesium 
oxide, cerium oxide, zirconium oxide, alundna and silica alumina. The treatment with the adsorbent is performed at a 
temperature wherein neither the solidification nor the boiling of the organic phase occurs. In general, the treatment 
with an adsoit>ent is perfonned at -30 to 1 00 «C, preferably at 0 to 67 ''C, more preferably at 15 to 50 ^'C. The amount 
of the residual catalyst in the oxytetramethylene glycol copolymer can be decreased to 1 0 ppm or less by treating the 
organic phase wUh a solid adsorbent. An activated carbon is preferably used as a solid adsorbent for removing the 
catalyst. 

[0069] The resultant organic phase comprising the oxytetramethylene glycol copolymer is a mixture which addition- 
ally contains THF and NPG which are raw material monomerB and a saturated hydrocarbon used for removing the 
catalyst Such a mixture can be subjected to the below-mentioned purification method of the present invention to 
remove THF, NPQ and the saturated hydrocartNin. Alternatively, the mixture can be subjected to the purification method 
of the present invention after distilling off THF. When THF is distilled off from the mixture, the resultant mixture separates 
into a saturated hydrocarbon phase and an oxytetramethylene glycol copolynter phase, and the saturated hydrocartM>n 
phase can t>e removed from the oxytetramethylene glycol copolymer phase. The thus obtained oxytetramethylene 
glycol copolymer phase is a solution containing 30 to 70% ol an oxytetramethylene glycol copolymer, 0.02 to 1 0% of 
NPG and 30 to 70% of a saturated hydrocarbon. NPG and a saturated hydrocartMn contained in such a solution can 
be removed by not only the purification method of the present invention, but also the conventional purification methods, 
such as a method described in Unexamined Japanese Patent Application taid-Open Specif ication Nos. Hel 9-291 1 47, 
Hei 10^7813 and Hei 1-92221. However, it is preferred that the purification Is performed by the purification method of 
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poTOl Theoxy.etran«thylenegly«,lo»P^^^^ 

provmllowtempemturepropertes due^r e^^^^^ ^ „^,_ ^ polyurethane resin, a 

having excenent low temperature pmperttes can t»pwtfuc^by^ ^ oxytetramethylene 




(1) 



45 



50 



55 



sum of p, q and r is not less than 2, ««rtfitmmethvlene glycol copolymer and the unreacted diol. 

resideslnthe removal of an unreacted diol. ^'^P"'*™ copolymef without causing the clogging of a oon- 
Torthefirsttlmetoremoveadlolf^T^^eJ^ 

densatlon tube and aconduit even when the dwl ^T*^^^^ reaction system. 

ratedt^ythepurificaaonmethod^mep^^ 

IP0741 Thepurtticatlonmethodofthepresertinvenaonis 

Ur/obtelnedbycopolymerlzlngtBtrahydrehuanandad^^ 

JLtion mixture comprising an oxyte»«^''Vlene^'y^^ ,3 ^ „adlon mixture obtained 
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s^-rTp^^a^JS^rjre^s^^ 

1.»5,repanedio». 1 .4^,utanediol. ^f^^T^^iiS^.i^^M.TUemmB,tei^e6 
n^JetS glycol. 1.6^,exanedIol. Z-^^^^^^^'J 'IX^^B^^^^^ 1.3iHopanediol. 
HidWdually or In combination. Among the ^^Tf^"^ S^^^ ?.2^edlol. neopentyl glycol. 
1.«,utanediol. 1.3*«.anediol. ^^^^^tii^J^M SS^ntJiH^S^n^ 1 .2-hexanedlol which . 
2-methytbutane-1.4^. 1.64.e«aneitol. 

are diols having 2 to 6 caibon atoms have a retouvely low boiling point, so oiiu 
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100771 There is no particular limitation with respect to the Inorganic acid used to obtain the leacdon nUxture as long 
as ihe inorganic add exhibits the properties of a B»0nsted acid or a Lewis add. An inorganic add which « most surtabte 
for the catalyst Is a heteropolyacld. A hetcropoVadd Is an add obtained by the condensation of an oxide of at least 
one metal spades selected from the group consisting of molybdenum (Mo), tungsten (W) and vanadium (V). and an 
oxyadd of other elements, such as phosphoius (P), silicon (SO. areenic (Aa), gemianium (Ge). boron (B). titanium (11). 
cerium (Ce) and cobalt (Co). The atomic ratio of the metal spede9(any one or more of metals selertedfr^ 

consisting of Mo. W and V) contained In the heteropolyacld to other elements In the heteropolyacld Is 2.5 to 12. 
rOOTBI Tlie heteropolyadd may be In the forni of a BrCnsted add or a salt thereof. Spedfic examples of heter«)pol- 
vadds and salts thereof bidude phosphomolybdic add. phosphotungstfc add. phosphomolybdotungstic arid, phos- 
ohomolybdowanBdicadd,phosphomolybdotungstovanadicadd,phosphotungstovanadicadd.phosphomo^^ 
add slllootungstic add. slllcomolybdic add. sincomolybdotungstic acid, sllicomolybdotungstovanadic acW gerrnano- 
tun^ add. boiDtungstic add. boromolybdic add. boromolybdotungsttc add. boromolybdovanadc add boromolyb- 
dotun^tovanadic add, cobaltmobdlc add. cobalttungstlc add. arsenomolybdic add. arsenotungsdc add. trtanomo- 
lybdic add and ceromolybdic add. and metal salts thereof. . tut m^m^ 

rami For pertom>lng the copolymerteatlon reaction, an Inoiganic add as a polymerMtion eatalya; THF and a <So» 
S«JmatertalmonorT»rsandareadiontem,lnator are used. Spedflcexamplesrf 

and a did which Is a copolymerbing monomer. i«„h„.. 

100801 Thecopolymerteatlon reaction isperfbrmedlnatwo-phasereaction^emwhlchcomprlsesanorganlcphase 

comprising a solution of a diol In tetrahydroluran. and a tetrahydrofuran/aqueous heteropolyadd phase (herelnaner. 

!e□Lrtlyleferfedtoaaa•catalystphase^comprlsingasotutionofana 

furan and having a spedfic gravity of from 1 .8 to 2.3. The oxytetramelhylene glycol copolyi^^ 

lymeffzB«on reaction te dissolved In the organic phase. ^.^^^ ., ,wi>i„„„i„^ 

ro081] The inorganic add used as a catalyst Is sparingly soluble In an anhydrous THF, but wrti soluble In a mixed 

solvent prepared by adding a smaO amount of water to THF. Tha reason why the Inorganie add 

solvent of THF and water Is not fully eluddated. but it Is considered that a small amount of water Is coordinated to tha 

inorqanic add. Tlie reaction system separates Into a lwoi>hase reaction system which comprises art organic phase 

andatetrahydrofuran/aqueousinorganicaddphasehavlngaspedflcgraviV 

water, a diol. THF and the nke which are present in the reaction system. 

IP082] The copolymerizatlon reaction Ibr produdng an oxytetramethylene glycol copolymer can be performed In a 
batchwise manner or a continuoua manner. . ^ ■ 

[00831 There Is no particular limitation with respect to the temperature for the copolymerizatlon reaction as tong as 
the copolymerization reaction proceeds at that temperature. However, for IncorporaUng 2 or more diol rndecules into 
ac^erd,ain.adehydrationreadion Isgencmlly required. Forpeffbmilngthe*hyd^ 
to3dthecopolymerization readion at a high temperature whW. Is not lowerlhan 50 ^J. Further, for avoiding the 
heat decomposition of a diol and the depolymerizatlon of the produced oxytetramethylene glycol oopovnwr. It b pre- 
ferred that uTreactlon temperature Is not more than 100 -C. EspedalV when the copolymerteatlon macflon is per- 
lomied at a temperature In the range of from 55 to 80 'C, the heat decomposition of a did and the depolymenzaUon 
of the preducedTxytetramathylene glycol copolymer are suppressed, and the copolymenratlon can be performed 
under low pressure conditions. ^ « 

[00841 Further, when 2 or more diol molecules are Incorporated into a copolymer ch^. the readion rate can be 
Lroved by withdrawing water byDroduced by the reaction from the reacUon system. With respect to the method or 
withdrawing water from the readion system, there can be mentioned a method in whid. an ffieotr«^^^^ 
and THF are distilled off from the readion system and THF In an amount whteh Is equhralenl to the amount THF 
removed by the azeotropic distillation is returned to the readion mixture. This water withdrawal precess can be per- 
fomwdlnacontlnuous manner or an tntemilttem manner, bmfremthevlewpolrtof ease Inperfomrdngthe 
zation operation, the wateimiF vapor is continuously withdrawn from the readion system while sbnultaneously and 
continuouslyfeedlngTHFcontalningonVasmallamountofwatertothereactonsysteR .„.h„„-„„ ,ho 
100851 in this method, the azeotropic distaiation of water and THF can be pert6m>ed either by withdrawing the gas- 
eous phase composed of the azeotropic vapor from the reaction system or by separating the readion systm mto tt.e 
catalyst phase and the organic phase. toDowed by the withdrawal of the azeotropic vapor of water and THF from the 

Sn^ntti"I^thS!S'whid> water andTHFarerefnovedbyaz«^^^ 

both the organic phase and the catalyst phase, since the mol fradion of water in the catalyst phase is higher than the 
md fradionof water in the organic phase, the md fradion of water in the total of the organic phase and ttie catalyst 
phase Ishigherthan the mol fradion of the organic phase. Therefore, this method is considered to exhibit higher wat^ 
removal effidency than a method In wMd. the organic phase Is separated from the catalyst phase and. 
removed from the organic phase. Further, in this method, a lowering of the Inner pressure of the reader for lowering 
the boifing point of water Is effedhre lor improving the water withdnwval rate. However, In a method In whid. water in 
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the reaction system comprising both the organic phase and the catalyst phase is removed with THF by azcotropic 
distillation, when the water removal is performed at a high reaction rate such that the latent heat of vaporization nec- 
essary for the azeotropte distillation adversely affects the reaction temperature, a precise control of the reaction tem- 
perature may become difficult. 

5 [0087] For removing water while maintaining the stable polymerization reaction conditions. It is pref enred that the 
reaction system is separated into the organic phase and the catalyst phase and, then, the azeotropic mixture of water 
and THF is withdrawn from the organic phase. In this method, it is preferred that a part of the organic phase withdrawn 
from the reaction system Is returned to the reaction system so as to achieve a predetermined retention time, 
[0088] For producing an oxytetramethyiene glycol copolymer, the amount of oxygen resent in the reaction system 

10 is suppressed to a level as low as possible for preventing the discoloration of the oxytetramethyiene glycol copolymer 
which is caused by the presence of oxygen during the polymerization reaction. Specifically, the oxygen concentration 
of the reaction system is preferably 1 000 ppm or less, and the low oxygen concentration can be achieved by performing 
the polymerization reaction bi an atmosphere of an inert gas, such as nitrogen gas, helium gas. argon gas and neon gas. 
[0089] When ttie copolymerization reaction mixture obtained In the above-mentioned manner is left still after the 

« termination of the polymerization reaction, a phase separation of the reaction mixture into a reaction-formed organic 
phase containing the oxytetramethyiene glycol copolymer and a catalyst phase occurs. If only the reaclion-fomned 
organic phase thus obtained is recovered a large part of ttie polymerization catalyst contained in the reaction mixture 
can be removed. However, since the reaction-fomned organic phase contains a small amount of the catalyst, it is 
preffened that the residual catalyst is removed before perfonning ttie purification mettiod of ttie present invention. 

20 [DOSiO] Next, an explanation is made on one example of a method for preparing a reaction mixture which can be 
subiected to ttie purification method of the present Invention. 

[0091] The organic phase which is separated from ttie catalyst phase is subjected to distillation to thereby remove 
a portion of ttie THF remaining in the organic phase. It is prefened ttiat ttie temperature for distilling off THF is In ttie 
range of from 40 to 1 DO 'C. Since a small amount of ttie polymerization catalyst is also dissohred In the organic phase, 

25 the exposure of the organic phase to high temperatures for a long time may cause problems, such as depolymerizaflon 
of a THF temiinal of ttie oxytetiam^lene glycol copolymer, and incorporation of ttie unreacted d^ 
tramettiylene glycol copolymer by the dehydration condensation between a part of the unreacted diol and ttie oxyte- 
trmethylene ^ycol copolymer. Therefore, ttie cfistDlation of THF is preferably performed at a relatively low temperature, 
ttiat is. a temperature which is not more ttian 70 'C, more preferably 50 to 60 •C. Further, an optimum range of ttie 

30 distillation pressure may sllghtty vary depending on the area of the heat transfer and the retention time of THF in the 
reaction system, but. in general, the distillation pressure Is preferably in the range of from 0.1 to 5 aim. In addition, It 
is preferred that the degree of vacuum is 200 Torr or more for maintaining the temperature of the cooling medium for 
cooling and condensing the distilled THF at room temperature or higher, and the degree of vacuum of BOO Ton or less 
is preferred fo r improving ttie distillation rate. Therefore, distillation of TH F is preferably perfonmed under 200 to BOOTorr. 

35 [0092] Subsequentiy, the residual catalyst contained In the organic phase is removed. There is no partlcular limitation 
witti respect to ttie method for removing ttie residual catalyst, and ttiere can be mentioned a mettiod which uses a 
column for removing ttie catalyst (l.e., a catalyst removal column), a mettiod which uses a halogen4ype sohrent, and 
a method in which ttie catalyst is precipitated by using a saturated hydrocart>on. 

[0093] When ttie catalyst is removed by using a catalyst removal column, the organic phase is passed through a 
40 column packed witti a solid adsorbent, such as an activated cart>on. calcium oxide, magnesium oxide, cerium oxWe, 
zirconium oxide, alumina and sflica alumina. The treatment wfth the adsort)ent Is performed at a temperature at which 
neittier solidification nor boiling of the organic phase occurs. In general, the treatment witti an adsorbent Is perfonmed 
at -30 to 100 'C, preferably at 0 to 87 •C. more preferably at 15 to 50 "C. 

[0094] In ttie mettiod which uses a halogen-type sohrent, a halogenated hydrocarbon having 1 to 15 carbon atoms, 
45 such as chloroform, trichlorotrifluoroethane, trichlorofluoroethane or chlorobenzene, is added to ttie organic phase to 
thereby precipitate the catalyst 

[0095] In ttie mettiod which employs a saturated hydrocarbon, a saturated hydrocart)on having 6 to 1 0 carbon atoms 
is added to ttie organic phase to thereby separate the resultant mixture into two phases. This mettiod Is especially 
preferred because not only is high ttie catalyst removal efficiency, but also the risic of causing a conrosion of ttie appa- 

50 ratuses used in commercial plants is low. A C^O^o saturated hydrocartwn is preferably used for removing the catalyst, 
and examples of such saturated hydrocart>ons include cyclohexane, cycloheptane. cydooctane, cyclononane, cy- 
clodecane, methyteydopentane. m^hylcydohexane, 2-ethyIhexane, n-hexane, n-heptane, n-octane. n-nonane and n- 
decane. As explained below, when a saturated hydrocart>on alone is distilled off from the mixture of the organic phase 
and ttie saturated hydrocartx>n, a low molecular weight hydrocart)on having B or less carbon atoms is preferred. Al^ 

55 tematively, when a saturated hydrocarbon is distilled off together witti a diol and an added THF, for facilitating ttie 
recyding of ttie saturated hydrocartjon which is distilled off from the mixture, it is preferred that the saturated hydro- 
carton is one which is capable of being separatedfrom THF, based on the difference in boDing point That is, a preferred 
saturated hydrocaritwn Is a saturated hydrocartxNi having 7 or more cariton atoms which has a boiling point different 
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from that of THF. 

[0096] After the addition of the saturated hydrocarbon to the organic phase, the organic phase has the following 
composition: 10 to 60 wt% of an oxytetramethylene gtycol copolymer, 1 to 30 wt% of THF and 10 to B9 wt% of a 
saturated hydrocarbon. A saturated hydrocarbon is used as a poor solvent for insolubilizing the heteropotyacid catalyst 

5 dissolved in the oxytetramethylene glycol copolymer. However, when the oxytetramethylene glycol copolymer is mixed 
solely with a saturated hydrocarbon, the copolymer and the saturated hydrocarbon separate into two liquid phases 
and the saturated hydrocarbon Is Incapable of exhibiting a satisfactory effect as a poor solvent. For sohring this problem, 
THF which is a good soNent for the catalyst is used in an amount such that THF functions as a surfactant for preventing 
the phase separation of the oxytetramethylene glycol copolymer and the saturated hydrocarbon. Therefore, it is pre- 

10 f erred that the residual THF is contained in the organic phase in a minimum amount which prevents the phase separation 
of the saturated hydrocarbon and the oxytetramethylene glycol copolymer. The saturated hydrocarbon is used In an 
amount which is not less than the weight of the oxytetramethylene glycol copolymer so that the saturated hydrocarbon 
functions effectively as a poor solvent for the catalyst and the amount of the saturated hydrocarbon is sufficient for 
removing the catalyst. 

19 [0097] Only a very small amount of the catalyst phase Is separated from the organic phase by the addition of the 
saturated hydrocart>on and, thus, a portion of the separated catalyst phase gets mixed with the organic phase. There- 
fore, it is preferred that the organic phase is filtered through a filter having a pore diameter of 1 |im or less. A filter 
having a pore diameter of 0.5 \xm or less is used to filter off the catalyst phase more efficiently. 

[0098] After the filtration process, the amount of the catalyst remaining in the oxytetramethylene glycol copolymer 

20 becomes 1 00 ppm or less. For further decreasing the catalyst content of the oxytetramethylene glycol copolymer, the 
organic phase as such can be treated with the catalyst removal column meritioned above. The amount of the residual 
catalyst in the oxytetramethylene glycol copolymer can be decreased to 1 0 ppm or less lyy such a treatment. 
[0099] Tbe resultant organic phase comprising the oxytetramethylene glycol copolymer is a mixture which addition- 
ally contains THF and a diol which are raw material monomers and a saturated hydrocart>on used for removing the 

25 catalyst Such a mixture can be subjected to the purification method of the present invention. Altemath^ty, the mixture 
can be subjected to the purification method of the present invention after distilling off THF. When THF is distilled off 
from the mixture, the resultant mixture separates Into a saturated hydrocart)on phase and an oxytetramethylene glycol 
copolymer phase, and the saturated hydrocartion phase can be remcnred from the oxytetramethylene glycol copolymer 
phase. 

30 [01 00] Next, a detailed explanation is made on the method for purifying an oxytetramethylene glycol copolymer from 
a copolymertzation reaction mixture comprising an oxytetramethylene glycol copolymer and an unreacted diol. 
(0101] The purTication method of the present invention comprises subjectihg the reactton mixture to continuous 
dtetillation In the presence of fresh tetrahydrofuran at a temperature of from 80 to 160 *C under a pressure of from 5 
to 760 Torr, the fresh tetrahydrofuran being added In an amount which Is not less than the weight of the unreacted diol 

3$ contained in the reaction mixture, to thereby distil off the unreacted diol from the reaction mixture together with the 
added tetrahydrofuran. 

[0102] The reaction mixture which is subjected to the purification method of the present Invention may or may not 
contain a saturated hydrocartMn. The reaction mixture obtained by removing the catalyst with a saturated hydrocarbon 
contains 30 to 70 % of an oxytetramethylene glycol copolymer, 0.02 to 10 % of a diol and 30 to 70 % of a saturated 

40 hydrocarbon. On the other hand, wf hen the catalyst Is removed without using a saturated hydrocartwn, for example, 
by using a catalyst removal column, the resultant reaction mixture contains 20 to 99 % of an oxytetramethylene glycol 
copolymer, 1 to 80 % of THF and 0.02 to 1 0 % of a did. It should be noted that the reaction nMure may or may not 
contain THF. When the reaction mixture contains only a small amount of THF, a targe part of THF has been removed 
during the removal of the catalyst. 

45 [0103] There are two different modes for purifying an oxytetramethylene glycol copolymer from a reaction mixture 
containing a saturated hydrocarbon. One of the two modes is a one-step purification method in which a saturated 
hydrocartmn is removed together with unreacted did and an added THF tyy distillation In one step, and the other mode 
is a two^ep purification method in which a saturated hydrocariE>on is distilled off from a reaction mixture in a first step 
and, then, the unreacted diol is distilled off together with the added THF from the reaction mixture in a second step. 

so The one-step purification method can be used fbr purifying an oxytdramethylene glycol copolymer from a reaction 
mixture which does not contain a saturated hydrocartxui. 
[0104] The one-step purification method Is explained t>elow referring to Rg. 4. 

[0105] Rg. 4 is a schematic diagram showing an example of the continuous purification system for perfonming the 
one-step puriTication method which is used for purifying the oxytetrametfiylene glycol copolymer of the present inven- 
ts tion. 

[0106] A reaction mixture is stored in reaction mixture tank 16 and fed to the upper portion of distillation column 26 
by using pump 24. In distillation column 26, the distillation temperature is mdntairied at 80 to 1 60 ''C. An oxytetrame- 
thylene glycol copolymer exhbits almost no vapor pressure at a distillation temperature from 80 to 160 *C and, thus. 
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the oxytetramethylene glycol copolymer as such flows downward to the bottom portion of the distillation column. On 
the other hand, a saturated hydrocart>on and a diol In the reaction mixture are converted into a gaseous component 
and separated from the oxytetramethylene glycol copolymer. 

[01 07] As explained above, since a diol solidifies at around room temperature, a diol which is separated as a gaseous 
5 component in the distillation column Is likely to solidity in condensing means 27 which Is provided in the downstream 
of the distillation column and cause problems, such as dogging of a conduit. In the present invention, for preventing 
such a sondrfication of the diol, fresh THF in fresh THF tank 29 is vaporized using heating means 31 and the resultant 
gaseous THF is fed to the bottom portion of distiilation column 26 via pump 30 so as to distill off the diol together with 
thefreshTHF. 

10 [0108] In the present Invention, the "fresh TVIP nneans a newly added THF and it is different from the residual THF 
In the reactton mixture which Is an unreacted THF monomer. The fresh THF may t>e an unused THF or a recycled TH F 
mentioned k>elow. 

[01 09] When a large amount of the fresh THF is fed from the bottom portion of the distillation column, the distillatk>n 
rate of the diol becomes improved. However, an increase in the amount of the fresh THF causes an increase in the 

1^ energy cost for the condensation of distiDed THF. As a consequence, the amount of the fresh THF being added to the 
reactk>n mixture is the minimum amount of THF necessary for preventing the solfdiTication of the diol. More specifically, 
' the fresh THF is added in an amount which Is not less than tiie weight of the unreacted diol contained in the reactkm 
mixture. The amount of the fresh THF necessary for distillation may vary depending on the amount of the diol contained 
In the reaction mixture which is fed from the top portion of the distillation column, but In general, THF Is fed at a feeding 

20 rate which is not lower than the feeding rate of the reaction mixture, preferably not less ttian two times the feeding rate 
of the reaction mixture. When the Innertemperature of the distillation column Is 130 ^'C or less, It is preferred that THF 
Is fed at a feeding rate which is not tower than 2.5 times the feeding rate of the reaction mixture, in any case, the 
feeding rate of THF is not more than 100 times, preferably not more tiian 20 times, more preferably not more than 5 
times the feeding rate of the reaction mixture. Since the amount of the unreacted diol contained In the reaction mixture 

25 Is very small, when the feeding rate of THF Is in the above^enttoried range, the weight ratio of the added THF to the 
unreacted dk>t becomes 800 or more, preferably 1 JSOO or more and not more than 50,000. 
[01 10] It is preferred that the diol is removed by a multi-stage distillation. Witti respect to the inner pressure of the 
distillation column, a low pressure Is preferred t)ecause the lower the inner pressure of the distillation column, the 
higher the distillation efndency for removing dioL SpecfTically. the distillation Is performed under 760 Torr or less. How- 

30 ever, for decreasing the amount of energy used for condensing the vapor distilled off from the distillation column, an 
Inner pressure of 5 Torr or more is necessary. Therefore, in the present invention, It Is preferred that the removal of 
the unreacted diol is performed under a pressure from 5 to 760 Torr, preferably from 100 to 600 Torr, more preferably 
from 300 to 500 Torr. 

[01 1 1] As explained above, in the purif icatton method of the present invention, a reaction mixture comprising a diol, 
» a saturated tiydrocart)on and an oxytetramethylene glycol copolymer is fed to the upper portion of a distiPation column 
to thereby cause the reaction mixture to ftow downward in the distillation column, and a high temperature gaseous 
THF Is fed to the bottom portion of the distillation column to thereby cause the gaseous THF to flow upward In the 
distillatton column whDe vaporizing the diol and the saturated hydrocarbon contained in the reactton mixture at different 
stages of the dlstfllatton column and withdrawing the vaporized diol and saturated hydrocarbon together with the added 
^ THF from the column top of the distillatton column. Such a distillatton method employed in the present invention is 
• called a striping method. 

[0112] The reaction mixture in which the dtol and the saturated hydrocarbon have been removed by the stripping 
mettiod is a viscous liquM comprising an oxytetramethylene glycol copolymer and THF. THF and other tow bolHng ppint 
components contained in this lk|ukl are separated by centrifugal molecular distillation ajsparatus 32. The distillatton 

^ tempererture used to separate THF is 80 to 1 80 **C. It is primed that the distillation tenriperohjre is as low as possible 
for suppressing the heat deterioratton of the oxytetramettiylene glycol copolymer. Spectficalty. the distillatton is prefer* 
ably performed at 160 ^'C or less. In addition, with respect to the pressure, high vacuum is preferred, but due to the 
problems concerning the distillatton apparatus, the pressure in ttre range of from 0.01 to 1 0 Torr Is appropriately used. 
Various molecular distillatton apparatuses other than the centrifugal molecular distillation apparatus can be used in the 

so present Invention. Specifically, use can be made of a pot still type molecular cfistillation apparatus, a failing film type 
molecular distillation apparatus and a centrifugal molecular distillation apparatus. As acentrihigai molecular distillation 
apparatus, there can t>e mentioned a rotary tray type molecuiar distillation apparatus and an Arthur type molecular 
distiilation apparatus. 

[01 13] The purlTicatton of the oxytetramethylene glycol copolymer is connpleted t>y the removal of THF in the atmve- 
S5 mentioned manner. The purified oxytetrarrtethylene glycol copolymer is recovered in oxytetramethylene glycol copol- 
ymer tank 33 and ttte separated THF and the low boiling point sutistances are recovered in raw material tank 28. 
[01 1 4] The purified oxytetramethylene glycol copolymer can be analyzed by gas chromatography to thereby confirm 
the composition of the purified oxytetramethylene glycol copolymer. The purified oxytetramethylene glycol copolymer 
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comprises not more than 500 ppm of a diol, not more than 1 ,000 ppm of a saturated hydrocarbon and not less than 
98 % of an oxytetramethytene glycol copolymer. 

[0115] In the abovennentioned one-step purification method. THF, a diol and a saturated hydrocart>on which are 
removed by the stripping method are obtained as a mixture. When raw material nru>nomers containing a saturated 
5 hydrocarbon Is reused in the copolymerlzation reaction, the saturated hydrocarbon may cause an adverse effect on 
the copolymerization reaction rate. Therefore, it is necessary to separate and remove the saturated hydrocarbon from 
the recovered raw material monomers before reusing the recovered raw material monomers. 
[0116] Next, the two^ep purification method is explained referring to Fig. 5. 

[0117] Rg. 5 is a schematic diagram showing another example of the continuous purification system for perfomiing 
10 the two-step purification method which Is used for purifying the oxytetnevnettiytene glycol copolymer of the present 

invention. 

[01 18] The two-step purification m^hod is a method in which a saturated hydr6cart>on alone is distilled off from the 
reaction mixture In a first step and, then, a diol is distilled off by the stripping method In a second step to thereby purify 
an oxytetramettiylena glycol copolymer. 

19 [0119] A reaction mixture is fed to centrifugal molecular distillation apparatus 19 from reaction mixture tank 16 by 
using pump 17 to thereby renwve a saturated hydrocartion from the reaction mixture. The distillation performed in 
centrifugal molecular distillation apparatus 19 is perfomned under conditions wherein the solution temperature is 70 to 
1 60 The decomposition and discotoration of the oxytetramethyiene glycol copolymer are induced when the solution 
temperature becomes too high and, thus, it is desired that the solution temperature is as low as possible. However, 

20 when the distillation temperature is too tow, a large amount of a saturated hydrocart>on will remain in the oxytetrame- 
thyiene glycol copolymer. As a consequence, the solution temperature is preferably in the range of from 90 to 130 *C. 
[0120] The distillation pressure may vary depending on the distillation apparatus and distillation temperature used, 
but the distillation pressure Is In the range of from 1 to 450 Torr. When the distillation apparatus Is relatively small, it is 
necessary to conduct the distillation under 100 fbrr or less. 

25 [0121] The molecular dlstiilaUon apparatus used for distilling off the saturated hydrocarbon Is not 11^^ 

trifugal molecular distillation apparatus, and use can be made of ttie various molecular distilldtfon apparatuses men- ' 
tloned at>ove. 

[0122] The saturated hydrocartx>n content of the reaction mixture can be decreased to 0.0001 to 0.002, in temrts of 
the weight ratio of the saturated hydrocartwn to ttie oxytetrametiiyiene glycol copolymer, by removing the saturated 
30 hydrocarbon from the reaction mixture fay using centrifugal nrnlecular distillation apparatus 1 9 under the atKwe-merv- 
tioned conditions. 

[0123] The saturated hydrocartKm which is separated and removed by means of the centrifugal molecular distillation 
apparatus 1 9 is recovered after subjected to a distiltation treatment by using distillation column 20. Since a portion of 
the did contained in the reaction mixture is also removed together with the saturated hydrocartion by the centrifugal 

35 molecular distillation, the did contained In the saturated hydrocarix>n solidifies In the distillation column and the con- 
densation system t>ecau8e the diol solidifies at around room temperature. For preventing such a solidification of diol. 
It \s preferred that water which is a good solvent for a diol is added to the distilled-off saturated hydrocart>on (containing 
a diol) and the diol is removed from the resultant mixture by condensation thereof. Specifically, after recovering the 
saturated hydrocarbon containing a diol from centrifugal molecular distillation apparatus 19, water Is added to the 

40 saturated hydrocart>on by using pump 24. Water is added in an amount which is sufficient to prevent the solidification 
of a did In the distillation column. Specifically, the amount of water added is at least 5 times the weight of unreacted 
did contained in the reaction mixture. Since water causes a towering of the bdling point of the saturated hydrocartson 
by f onmlng an azeotropic mixture wfth tfie saturated hydrocaitxm, for fadlllating the distillaHon of the saturated hydro- 
cartx>n (that is, for exhibiting the azeotropic effect of water), the weight ratio of the water to the saturated hydrocartwn 

45 is from 0.1 to 1 , preferably from 0.25 to OS. 

[0124] The saturated hydrocartx)n having water mixed therewith is fed to distiltation column 20. Since the saturated 
hydrocart>on contains water, during the condensation reaction of diol which is occurring in the distillation column, the 
diol contained in the saturated hydrocarbon is always condensed simultaneously with water which is a good sohrent 
for a did. Therefore, the did Is not solidified in distillation column 20. Further, during the distillation In distillation column 

30 20, water is fed from the top of the dIsflDatf on column by using pump 34 so that the water concentration of each stage 
of the distillation column becomes constant In addition, the gaseous did which is withdrawn from tiie column top of 
distillation column 20 is condensed in condensing means 21 together with water which has k>een fed to the distillation ' 
column by using pumps 24 and 34. The condensate which is a mixture of the saturated hydrocarbon and water Is 
subjected to a two-phase separation by using decanter 22 and the separated water is reused. 

55 [01 25] I n the two-step purification method, the saturated hydrocart)onHremoved reaction mixture is fed to distillation 
cdumn 26 by using pump 25. The did remaining in the reaction mixture is removed In the second step of the two-step 
purification method by the same stripping method (as mentioned In connection with the one-step purification metiiod) 
by using distillation cdumn 26. TYte stripping method is performed under the conditions which are explained in oon- 
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nection with the one-step purification method. 

[0126] A mixture of an oxytetramethylene glycol copolymer and THF is obtained by the distillation performed in the 
second step (stripping method) of the two-step purification method. Like the mixture obtained by the one-step purifi- 
cation m^hod. the mixture obtained.by the two^tep purification method is a viscous liquid comprising en oxytetram- 
5 ethylene gtycol copolymer and THF. THF and other low boiling point components contained in this liquid are separated 
by centrifugal molecular distDlation apparatus 32 as In the one-step purification method. The purified oxytetramethylene 
glycol copolymer b recovered In oxytetramethylene glycol copolymer tank 33 and the separated low boiling point sub- 
stances are recovered in raw material tank 28. 

[01 27] The purified oxytetramethylene glycol copolymer can be analyzed by gas chromatography to thereby conf Inm 
10 the composition of the oxytetramethylene glycol copolymer. The purified oxytetramethylene gtycol copolymer comprises 
not more than 500 ppm of a dtol, not more than 1 »000 ppm of a saturated hydrocarbon and not less than 98 % of an 
oxytetiamethytene glycol copolymer. 

[01 28] Tlie oxytetramethylene glycol copolymer obtained tyy either of the abovenrnentioned two purification methods 
contains only trace amounts of the low molecular weight pomporients whk:h are easily decomposed by heat and. thus, 

19 the obtained oxytetramethylene gtycol copolymer has high thermal stability. 

[0129] Further, in the two-step purifcation method, a saturated hydrocartion and a diol are separately removed In 
the course of the purification process and, thus, the separated saturated hydrocart>on and the separated dtol can be 
reused with ease. 

20 BEST MODE FOR CARRYING OUT THE INVEf^ON 

[0130] Hereint)elow, the present invention wQI be described in more detail with reference to the following Examples 
and Comparative Examples, but they should not be construed as limiting the scope of the present Invention. 
[0131] In the following Examples and Comparative Examples, various properties were measured using the folkywlng 
25 methods. 

(1) Number average molecular weight of an oxytetramethylene glycol copolymer 

[0132] The number average molecular weight of an oxytetramethylene gtycol copolymer Is calculated from the OH 
30 value of the copolymer. 

i) Method for anaiysis 

[0133] 

35 

Q) To a 50 ml eggplant type flask is added an oxytetramethylene glycol copolymer in an amount (unit: mg) which 
is 1 .39 times the expected molecular weight of the oxytetramethylene glycol copolymer. (For example, when the 
expected molecular weight is 1 ,800, 1800 x 1 .39 = 2,502 mg is added.) 

® Approximately 5.0 g of a pyridine solution of anhydrous phthalk: add (a solution obtained by dissohdng 14 g 
40 of anhydrous phthalic acid into 1 00 ml of pyridine) is added to the eggplant type flask containing the copolymer. 

<D An air condenser Is attached to the eggplant type flask and the resultant eggplant type flask is immersed In an 
oil bath at 98 ^'C while stinrfng slowly for 2 houre. 

(3) The eggplant type flask is taken out from the oil bath and cooled at room temperature fdr approximately 1 hour 
to obtain a mixture. 

45 © Aqueous 50 % by we^ht pyridine solutbn is added to the mixture obtained in step ® above from the upper 
portion of the air condenser. 

(§) The resultant mixture obtained In the eggplant type flask Is agitated and, then, neutralizatton titration is per- 
fomfied with IN KOH by using phenolphthalein as an indicator. 

(Z) Blank test was perfonmed by repeating steps® to® above except that the oxytetramethylene gtycol oopol- 
> 50 ymer is not used and 3.5 g of the ^dlnesolutkm of anhydrous phthaOcackl is used. 

(D The OH value and the number average molecular weight of the oxytetramethylene glycol copolymer are cal- 
culated in accordance with thefolkvwing formula: 

^ OH value » pC X amount (g) of pyridine solu 

tson of anhydrous phthalic ackl - titration 
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amount (ml) of aqueous KOH solution] x KOH 
factor X 58.1/amount (g) of oxytetramethylene 
^ glycol copolymer. 

wherein X represents the titration amount of aqueous KOH solution (ml) in the blank test (using pyridine solution • 
of anhydrous phthalic add). 
10 [0134] KOH factor is the actual effective alkalinity of 1 N aqueous KOH solution. . 
[01 35) Mn is calculated from the OH value in accordance with the following fomiula: 

Mn= 112^ /OH value. 

f5 

(2) Molecular weight distribution of an oxytetramethylene glycol copolymer 

[01361 The molecular weight distributk>n of an oxytetramethylene glycol copolymer is obtained by an analytbal gel 
permeation chromatography (analytical GPC). 

» 

i) Instruments 
[0137] 

25 GPC apparatus: HLC-8220 GPC (manufactured and sold by Tosoh Corporation, Japan) 
Column: TSKgel SuperHSGOO (1 column), 

TSKgel SuperH2000 (2 columr>s) and 

TSKgel SuperHI 000 (2 columns) 

(each manufactured and sold by Tosoh Corporation. Japan) 

30 

ii) Conditions used for analysis 
[Ol3q . 

S5 Detector Differential refractometer (Rl) 
Temperature: 40 '*C 
Eiuent: Chlorofonn (HPLC grade) 
Row rate of etuent: 0.4 mV^ln 

Sample: OS % by weight solution of a copolymer in chloroform 
40 Amount of injected sample: 20 pJ 

Molecular weight standards: Polystryrenes (Mn » 96,000, Mn = 30,300. Mn = 13.000, Mn ^ 7,000, Mn » 5,050, 
Mn = 2,1 00, Mn s 1 ,300 and Mn « 580) and styrene monomer (Mn « 1 04) 

(3) Preparathre gel penneation chromatography (preparative GPC) of an oxytetramethylene glycol copolymer 

45 

i) Instruments 
ID139] 

50 GPC apparatus: LC-908 (manufactured and sokf by Japan Analytical Industry Co.. Ltd., Japan) 

Column: Shodex H2001 and H2002 are used when the number average molecular weight is less than 3,000, 

and Shodex H2001 , H2002 and H2002.5 are used when the number average molecular weight is 
3,000 or more (each manutetured and sold by Showa Denko K. K., Japan) 

55 
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m Conditions used for analysis 



[01401 



10 



Detector. 

Temperature: 

Eiuent: 

Row rate of the eiuent: 

Sample: 

Amount of the injected sample: 
Sampling nunrtber for fractions: 
Sampling interval for fractions: 



Differential refractometer (Rl) 
40 

chloroform 
3 mVm\n 

chlorofomr) solution containing 3 % by weight of a copolymer which is obtained. I)y 
adding 1 .5 g of a sample copolynter to 48.5 g of chloroform 
3 ml 

5 

10 sec 



19 (4) Obtalnment of a high moteeular weight-side 15 wt% fraction of an oxytetramelhylene glycol copolymer 

[0141] A preparative GPC is performed under the conditions described in item (3) above to thereby obtain a chro- 
matogmm (the abscissa indicates the. retention time and the ordinate indicates the Rl detection voltage). A fraction of 
the oxytetramethylene glycol copolymer which con^esponds to the area of a part of the whole pealc shown in the chro- 
^ matogram was recovered, wherein the part is taken on the side of the high molecular weight including the maximum 
molecular weight In the whole peak and wherein the area of the part of the whole peak is 15 %. based on the area of 
the whole peak. Chtoroform is distilled off from the recovered fradioh at 60 ''C under 5 Torr, thereby obtaining a high 
molecular weight-skte 15 wt% fraction. 

25 (5) Neopentyl glycol copolymerizatlon ratio 

[0142] The neopentyl glycol copolymerization ratk) is measured by means of ^H-NMR. Specifically, the neopentyl 
glycol copolymerizatnn ratk> is cateulated from the integral value of the methylene protons of methylene groups of a 
THF chain having methylene groups at both terminals thereof and the integral value of the methyl protons of NPG. 
30 1H-NMR is performed under the following condittons. 

1) Instatments 

[0143] 

3S 

Apparatus: ^H-NMR model d-400 (manufactured and sold by JEOL Ltd., Japan) 



iO Conditions used for anahfsis 
49 [0144] 



Observation frequency: 400 MHz (1H) 
Pulse length: 45' 

Observation temperature: room temperature 
45 Accumulation number 64 
Solvent: COq, 

(6) Glass transition temperature 

so [0145] GlasstransWontemperatureof an oxytetramethylene glycol copolymer Is detem^^ 
mentioned differential scanning calorimeter (DSC). 



i) Instruments 



55 P1461 

DSC apparatus: DSC220C (manufactured and soki by Seiko instruments Inc., Japan) 
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ID Condttfons used for anatysb 
[0147] 

Rate of Increase in temperature: 1 0 ^'C/min 

Range of temperature used for analysis: -100 to 100 ^'C 

Atmosphere used for analysis: Nitrc^n gas atmosphere (flow rate: 40 ml/hiln) 

Amount of sample: 10 to 11 mg 

(7) Themial stability of an oxytetramethylene glycol copolymer 

[0148] An oxytetramethylene glycol copolymer is analyzed by themDogravlmetrk: analysis (TQA) by using the instni- 
ment and ttie conditions explained below, to thereby determine the temperature at which the we^ht of a sample co- 
polymer is reduced by 5 %. This temperature was used as an index for thermal stability. 

i) Instrument 

[0149] 

Apparatus: TA 2950 (manufactured and sold ty TA Instrument, U.S^) 

li) Conditions used for analysis 

[0150] 

Rate of increase in temperature: 10 ""C/min 

Range of temperature used for analysis: Room temperature to 500 ^'C 
Atmosphere used for analysis: Nitrc^en gas atmosphere (purge time: 1 hour) 

(B) Determination of a neopentyl glycol (NPG) content 

[OISI] A neopentyl glycol content of an organic phase or a reaction mixture is detemnined by gas chromatography 
(GC). SpedftoaDy. the gas chromatography of a sample Is perfonmed under the following conditions to thereby separate 
NPG from the sample, and the NPG contem is calculated from the peak area of the chromatogram. 

i) instrument 

[0152] 

GC apparatus: GC17A (manufactured and sold by Shimadzu Corporation, Japan) 
Column: ULTRA1 (manufactured and sold by Hewlett Packard, U,SA) 
UqukI phase: Crossllnked Methyl Sitoxane 

(length: 25 m, inner diameter 0.2 mm, thickness of fibm of liquid phase: 0.33 pm) 

11) Conditions used for analysis 

[0153] Temperature 

Injection: 300 *C 
Detector 300 *C 

Column: maintained at 60 «C for 5 min, followed by temperature elevatton to 300 ''C at a rate of 20 "^C/mln; and, 
then, maintained at 300 *C for 8 min. 

Sample: 10 % by weight solution of a reaction mixture (or an organic phase) 

ill) Method for analysis 

[0154] Ac^one soluttons individually containing 50, 100, 500, 1000 and 5000 ppm of NPG are analyzed by GC to 
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thereby obtain a chromatogram. The relationship between the peak area and the NPG concentration is determined 
from the obtained chromatogram, and the determined relationship is used to calculate the NPG concentration of the 
sample. 

5 (9) Heteropolyacid content 

[0155] The heteropolyadd used as a catalyst In the present invention contained tungsten as the metal species. 
Therefore, the tungsten concentration of the heteropotyacid was determined by ICR-mass spectrometry and used as 
the heteropolyadd content 

to 

A. Apparatus: 

[P156I PQSMype ICP-MS (manufactured and sold by VG Elemental. England) 
IS B. Method for ICP-IMassSpectrometfy: 
[0157) 

0 Approximately 5 g of a sample is placed in a quartz crucible. 
^ (2) The crucible containing the sample is heated to calcine the sample, thereby obtaining a decomposition product. 
@ To the deco m position product obtained in step® above is added 2 ml of 35 % hydrochloric add solution. 
Then, the resultant mixture is heated on a hot plate to dissolve the decomposition product, thereby obtaining a 
solution. 

® 0.1 ml of an aqueous 1 ppm Indium (In) solution is added to the obtained solution as an Internal standard. 
25 © Water Is added to the mixture obtained in step® above so that the final volume of the solution becomes 25 mi. 
(§> The solution obtained In step(g) is subjected to ICP-Mass spectrometry. 

C. Preparation of a cal^tion curve: 
30 [0158] 

0 A series of solutions containing tungsten In various concentrations (5 to 1 0,000 ppb by weight) is prepared. 
® 0.1 ml of an aqueous 1 ppm indium (In) solution as an Intemal standard Is added to 5 g of each of the standard 
solutions prepared in step0 , thereby obtaining mixed solutioris. 
35 @ Water is added to the thus obtained solutions so that the volume of each solution becomes 25 ml. 

0 The resultant solutions are subjected to ICP-^ass spectrometry so as to prepare a calibration curve. 

D. Determination of a heterc^lyadd content 

40 [0159] The tungsten concentration of a sample is determined by using the calibration curve for tungsten. 
Example 1 

- (Continuous production of an oxytetrameOiytene glycol copolymei) 

45 

[0160] 1 liter of tetrahydrofuran (THf) containing not more than 120 ppm of water and 53.3 g of neopentyl glycol 
(NPG) were added to a 2-liter separable flask and stirred at room temperature, to thereby obtain a solution. To the 
obtained solution was added 650 g of phosphotungstic add hexahydrate as a heteropolyadd (HPA) catalyst and stin'ed. 
at room temperature for approxvnately 1 hour, thereby obtaining a mixture. The obtained mixture was allowed to stand 

50 still 80 ttiat ttie mixture was separated into a lower caitalyst phase and an upper organic phase. 

PM61] An oxytetramethylene glycol copolymer was produced using the production system shown in Fig. 2. 
[01 62] The catalyst phase prepared above was charged into reactor 2. Subsequently, reactor 2 contain! ng the catalyst 
phase was filled with the organic phase prepared atxyve and the excess organic phase was allowed to flow into catalyst 
separation vessel 3 which was connected to reactor 2. Reactor 2 was equipped with a t>affle and two turbine blades. 

55 The whole system shown in Ftg. 2 was purged with nitrogen gas and the reaction was initiated by stirring (the motive 
power applied to ttte liquid per unit volume of tite reactor was 5.6 kWAn^) the organic phase and the catalyst phase In 
the reactor while heating the reactor to a temperature in the range of from 66 to 69 *C. Subsequentty, raw material 
tank 1 was charged with a THF solution obtained by dissolving i;21B g of NPG and 266 g of phosphtungstic add 
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hexahydrate in 12,516 g of THF and the THF solution was fed from raw materia) tank 1 to reactor 2 at a flow rate of 
79 ml/hr. The resultant reaction mixture In reactor 2 was drculated between reactor 2 and catalyst separation vessel 
3 as follows. The reaction mixture was fed to catalyst separation vessel 3 from reactor 2 and separated into two phases, 
namely an upper reaction-fonned organic phase and a lower reaction-formed catalyst phase. The lower reaction-formed 

5 catalyst phase was returned to reactor 2, while the upper reaction-formed organic phase was flowed up and collected 
in organic phase receiving vessel 5 after passing through refrigerator 4. Water by-produoed during the copolymerization 
reaction was removed by withdrawing an azeotropic vapor of water and THF from reactor 2. The withdrawn azeotropic 
vapor was condensed using condensing means 7 to thereby obtain a THFAwater mixture, and the obtained THFA¥ater 
mixture was collected in THF/water receiving tank 8. The THF/water mixture was writhdrawn from THF/water receiving 

10 tank 8 at a constant rate by using pump 12 and fed into THF/water storage tank 9. THF (water content: 120 ppm or 
less) was fed to reactor 2 from THF tank 6 by using pump 11 so that the amount of THF fed to reactor 2 was the same 
as the amount of THF withdrawn from reactor 2 as the azeotropk: vapor. THF was fed to reactor 2 at a feeding rate 
which was the same as the withdrawing rate of THF/Water mixture tiy pump 12. 

[0163] The reaction system was operated in the above-mentioned mannerso as to maintain the volume of the reaction 
19 mixture in reactor 2 at 61 0 ml, the volume of the catalyst phase in reactor 2 at 330 ml (thus, the ratio of the volunrte of 
the catalyst phase to the total volume of the liquid in the reactor became 0.54), the NPG concentration of the organk: 
phase at 0.80 % and the specific gravity of the catafyst phase at 2.15. When the reaction temperature t>ecame stable 
at 68 ^'C, the continuous polymerization reactor (reactor 2) was operated continuously for 33 hours. Sut>sequently, an 
oxytetramethylene glycol copolymer was produced by operating the reactor for 100 hours. The resultant copolymeri- 
^ zation reaction mixture was separated into an upper reaction-formed organb phase and a lower reaction-fonmed cat- 
alyst phase In catalyst separation vessel 3 and only the reaction-ffonmed organic phase was collected in organic phase 
receiving vessel 5. The organic phase recovered in organic phase receiving vessel 5 was used as a reaction-formed 
organic phase containing an oxytetrantethylene glycol copolymer.- 

[01 64] 0.5 wt% of water and 4.0 wt% of cafeium hydroxide, each based on the weight of the reactk>n-f ormed organic 
25 phase, were added to the reaction-fonmed organte phase and stirred for approximately 1 hour, to thereby precipitate 
the residual phosphotungstk: acid as a cak»um salt thereof. The precipitate was filtered off k>y using a miiembrane filter 
(pore diameter 0.2 ^m) made of polytetrafluonoethylene, thereby obtaining a filtrate. Unreacted low boiling point com- 
ponents (raw material THF. and the like) contained in the filtrate were distilled off at 80 *'C under 1 0 Torr or less, thereby 
obtaining a crude oxytetramethylene glycol copolymer. Approximately 5 g of the obtained crude oxytetramethylene 
30 glycol copolymer was placed in a SO ml eggplant type flask and heated at 1 20 "^C under 0.05 Torr or less for 5 minutes 
while stowly rotating the eggplant type flask, to thereby remove the unreacted N PG. As a result, an oxytetramethylene 
glycol copolymer was obtained. 

[0165] The obtained oxytetramethylene glycol copolymer had a number average molecular weight of 1610 and an 
NPG copolymerizatk>n whole ratio nI^ of 1 5.6 mol%. 
35 [01 66] Next, the remainder of the crude oxytetramethylene glycol copolymer was subjected to a preparative G PC to 
theret>y obtain a high molecular weight-side 15 wt% fraction. The NPG copolymerization partial ratio of the obtained 
high molecular weight-side 15 wt% fraction was 9.9 mol%. 

[0167] The melting point and glass transition temperature of the obtained oxytetramethylene glycol copolymer are 
shown In Table 2. together with other properties of the oxytetrametiiyiene glycol copolymer. 

40 

Examples 2 to 8 

[0168] An oxytetramethylene glycol copolymer was produced in sutistantiatly the same manner as in Example 1; 
except that the reaction conditions (composition of the raw material liquid containing THF, NPG and phosphotungstic 
45 acid hexahydrate (HPA), feeding rate of the raw material liquM (F), volume of the liquM In the reactor (V), volume of 
the catalyst phase (CV). spedfk; gravity of the catalyst phase, NPG concentration, motive power applied to the liqukj 
per unit volume thereof (PAO and time required for stably operating the reaction system (Hr)) which are shown In Table 
1 were employed. The properties of the produced oxytetramethylene glycol copolymer are shown in Table 2. 

so 
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Compafatlve Example 1 

(0169] Anoxytetram^hyleneglycolcnpolymerwasproduc^ 
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distillation apparatus (comprising a fractionation column, a refrigerator, a reflux valve and the lilce), a stirrer and an 
inlet for feeding THF. 220 g of THF and 1 85 g of NPG were added to the separable flask and stirred to thereby obtain 
a homogeneous solution. To the thus obtained solution was added 500 g of phosphotuhgstic add hexahydrate (as a 
catalyst) while stirring, to thereby dissolve the catalyst in the solution. The separable flask was immersed in an oil bath 

5 maintained at 1 00 *C and nitrogen gas was fed to the flask at a feeding rate of 1 0 mlAnln from the upper portion of the 
refrigerator attached thereto. The inner pressure of the separable flask was maintained at 0.2 kg/an2.G by providing 
the flask with an exhaust valve wh k:h was adapted to be opened when the inner pressure of the separable flask reaches 
0.2 k^cnn^ G. The point in time when the tennperature of the reaction system reached 85 ^^C was regarded as the point 
In time of the initiation of the reaction. Thereafter, the temperature of the reaction mixture was maintained at 85 ^^C by 

to feeding THF to the separabta flask. 40 Minutes after the initiation of the reaction, the bottom temperature of the f rac- 
ttonation column was adjusted to approximately 70 ^'C to thereby Initiate the fractional distillation of water-containing 
THF. The copolynnerization reaction was continued for 14 hours in tiie above-mentioned manner. During the copoly- 
merizotton reaction, the reaction mixture began to separate into a catalyst phase and an organic phase. A change was 
observed In the disperston of the catalyst phase in the reaction mixture and the viscosity of the separated catalyst 

15 phase Increased In accordance with the progress of the copolymertzation reaction. 

[0170] After the termination of the reaction, the stim'ng of the reaction nnixture was discontinued and the reactkm 
mixture was allowed to stand still for 20 minutes to thereby separate the reaction mixture into two phases, namely an 
upper rsaction-fonmed organic phase and a lower reaction-fomned catalyst phase. 640 g of tiie upper reaction-fomrted 
organk: phase was recovered from the flask while leaving 340 oc of the lower reaction-formed catalyst phase in the 

20 flask. To 640 g of the upper reaction-formed organic phase was added 5 g of cak^ium hydroxide and stirred at room 
temperature for appr«xximately 1 hour to precipitate the residual catalyst and, ttien, the precipitate was filtered off by 
using a fitter. TMF contained In the thus obtained fitlrBte was distilled off at 60 ^'C under 10 Torr to thereby obtain a 
crude oxytetramethylene glycol copolymer. 1 0 g of the obtained crude oxytetramethylene glycol copolymer was placed 
In a 100 ml eggplant type flask and heated at 120 •C under 0.1 Torr or less for S minutes, to thereby remove the 

2s unreacted NPG. As a result, an oxytetramethylene glycol copolymer was obtained. 

[0171] The obtained oxytetramethylene glycol copolymer had a number average molecular we^ht of 1 620 and an 
NPG copoiymerization whole ratio N^ of 30 nnol%. The concentration of the resklual NPG was not less than 1 % by 
weight. The o value (represented by fomiula (I)) of the oxytetramethylene glycol copolymer was 2.0 x 1 0^ and, thus, 
the oxytetramethylene glycol copolymer satisfied a requirement of the present Invention. However, the p value (repre- 

30 sented by fomnula (II)) of the oxytetramethylene glycol copolymer was 0.0567 and, thus, the oxytetramethylene glycol 
copolymer did not satisfy another requirement of the present inventton. Other properties of the obtained oxytetrame- 
thylene glycol copolymer are shown In Table 3. 

Comparative Example 2 

35 

[0172] An oxytetramethylene glycol copolymer was produced using a 2-liter separable flask equipped with a f ractk>nal 
distillatton apparatus (comprising a fractionatton column, a refrfgerator, a reflux valve and the like), a stirrer and an 
inlet for feeding THF. 220 g of THF and 150 g of NPG were added to the separable ftask and stirred to thereby obtain 
a homogeneous solution. To the thus obtained solution was added 500 g of phosphotungstic ackl hexahydrate (as a 

40 catalyst) whDe stirring, to thereby dissolve the catalyst in the solution. The separable flask was immersed In an oil bath 
maintained at 65 "^C and nitrogen gas was fed to the flask at a feeding rate of 10 mlAnin from the upper portton of the 
r^gerator attached thereto. The inner pressure of the separable flask was maintained at 0.2 kgfar^G by providing 
the flask with an exhau^ valve whteh was adapted to be opened when the Inner pressure of the separable flask reaches 
0.2 kg/cm*^. The point in tfrne when tiie temperature of the reaction system reached 85 was regarded as the point 

45 in tme of the initiation of the reaction. Thereafter, the temperature of the reaction mixture was maintained at 74 ""C by 
feeding THF to the separable flask. 40 Minutes after the initiation of the reaction, the bottom temperature of the f rao 
donation column was adjusted to approximately 70 ^'C to thereby initiate the fractional distillation of water-containing 
THF. The copoiymerization reaction was continued for 1 8 hours in the above-mentioned manner. During ttte copoiy- 
merization reaction, the reaction mixture began to separate into a catalyst phase and an organic phase. A change was 

50 observed in the di^erston of the catalyst phase In the reaction mixture and the viscosity of the separated catalyst 
phase increased in accordance with the progress of the copoiymerization reaction. 

[0173] After the termination of the reaction, the stirring of the reaction mixture was discontinued and the reaction 
mixture was allowed to stand stiil for 20 nrtinutes to thereby separate the reaction mixture Into two phases, namely an 
upper reactiorvformed organic phase and a lower reaction-formed catalyst phase. 740 g of the upper reaction-formed 
55 organic phase was recovered from the flask while leaving 340 oc of the lower reactton-fonned catalyst phase in the 
flask. To 640 g of the upper reaction-fomraed organk: phase was added 7 g of cateium hydroxide and stirred at room 
temperature for approximately 1 hour to precipitate the resklual catalyst and, then, the precipitate was filtered off by 
using a fitter. THF contained in the thus obtained filtrate %vas distilled off at 60 *C under 10 Tonr to thereby obtain a 
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crude oxytetramethylene glycol copolymer. 10 g of the obtained crude oxytetramethylene glycol copolynner was placed 
in a 100 ml eggplant type flask and heated at 120 *C under 0.1 Ton- or less for 5 minutes, to thereby remove the 
unreacted NPG. As a result, an oxytetramethylene glycol copolymer was obtained. 

[0174] The obtained oxytetramethylene glycol copolymer had a number average molecular weight of 1800 and an 
5 NPG copolymertzatlon whole ratio of 21 mol%. The concentration of the residual NPG was not less than 1 % by 
weight. The a value (represented by formula (I)) of the oxytetramethylene glycol copolymer was 3.2 x 10^ and, thus, 
the oxytetramethylerte glycol copolymer satisfied a requirement of the present Invention. However, the p value (repre- 
sented by formula (II)) of the oxytetramethylene glycol copolymer was 0.0568 and, thus» the oxytetramethylene glycol 
copolymer did not satisfy another requirement of the present invention. Other properties of the obtained oxytetrame- 
to thylene s^yoot copolymer are shown in Table 3. 

Comparative Example 3 

[0175] An oxytetramethylene glycol copolymer was produced using a2-literseparableflaskequipped with a fractional 
'5 distillatton apparatus (comprising a fracttonatton column, a refrigerator, a reflux valve and the like), a stirrer and an 
inlet for feeding THR 200 g of THF and 76 g of NPG were added to the separable flask and stirred to thereby obtain 
a homogeneous solution. To the thus obtained solution was added 500 g of phosphotungstie add hexahydrate (as a 
catalyst) while stirring, to thereby dissolve the catalyst in the solution. The separakHe flask was immersed in an oil bath 
maintained at 60 ^'C. The point in time when the temperature of the reaction system reached 71 ""C was regarded as 
20 the point in time of the initiation of the reaction. Thereafter, the temperature of the reaction mixture was maintained at 
71 ''C by feeding THF to the separable flask. 40 Minutes after the initiation of the reaction, the bottom temperature of 
the fractionation column was acQusted to approximately 68 °C to thereby initiate the fracttonal distillation of water- 
containing THF. The copolynterization reactkm was continued for 24 hours In the above-menttoned manner. The re- 
action was performed in a nitrogen atmosphere under an atmospheric pressure. During the copolymerization reaction, 
25 the reaction mixture began to separate into a catalyst phase and an organte phase. A change was obsen/ed In the 
dispersion of the catalyst phase in the reaction mixture and the viscosity of the separated catalyst phase increased in 
accordance with the progress of the copolynterlzation reaction. 

[0176] After.the temiihation of the reactton, the stirring of the reaction mixture was discontinued and the reactk>n 
mixture was allowed to stand stDl for 20 minutes to thereby separate the reaction mixture into two phases, namely an 

30 upper reaction-formed organic phase and a lower reaction-formed catalyst phase. 920 g of the upper reaction-formed 
or{^lc phase was recovered from the flask while leaving 340 cc of the k)wer reacdon-fomned catalyst phase in the 
flask. To 840 g of the upper readton-fbrmed organte phase was added 9 g of calcium hydroxkle and stirred at room 
temperature for approxinnately 1 hour to prec^itate the resMual catalyst and, then, the precipitate was filtered off by 
using a filter. THF contained in the thus obtained filtrate was distilled off at 60 ''C under 10 Tonr to thereby obtain a 

3S crude oxytetran^thytene glycol copolymer. 1 0 g of the obtained cnjde oxytetramethylene glycol copolymer wais placed 
in a 100 ml eggplant type flask and heated at 120 ^'C under 0.1 Ton^ or less for 5 minutes, to thereby remove the 
unreacted NPG. As a result, an oxytetramethylene glycol copolymer was obtained. 

(0177) The obtained oxytetramethylene glycol copolymer had a number average molecular weight of 1^0 and an 
NPG copolymerization whole ratio N^ of 1 0 mol%. The concentration of the residual NPG was 500 ppm. The molecular 
4a weight distributten Mw/Mn of the obtained oxytetramethylene glycol copolymer was 1 .8 and, thus, the oxytetramethyl- 
ene glycol copolymer satisfied a requirement of the present invention. However, the p value (represented by formula 
(II)) of the oxytetram^hylene glycol copolymer waa 0.0562 and, thus, the oxytetramethylene glycol copolymer (fid not 
satisfy another requirement of the present invention. Other properties of the obtained oxytetramethylene glycol copol- 
ymer are shown in Table 3. 

43 

Comparative Exanrtple 4 

[0178] An oxytetrametfiytene glycol copolyrnerwas produced using a 2-iiter separable flask equipped wi 

distiilatten apparatus, a stirrer and an inlet for feeding THF. 820 g of THF and 80 g of NPG were added to the separable 

so flask and stirred to thereby obtain a homogeneous solutkm. To the thus obtained solution was added 600 g of phos- 
photungstte add hexahydrate (as a catalyst) while stirring, to thereby dissohfe the catalyst In the solution. The separable 
flask was immersed In an oil bath maintained at 75 *C while stirring tiie solution In the flask for 15 hours, to ttiereby 
perfom) the copolymerization reaction. The excess amount of by-produced water (I.e., remainder of the by-produced 
water after consuming a part of water for forming the polymer terminals) was renwved together with THF from the 

55 reaction system by fractional distillation. The distillate (THFAirater mixture) was fed to the bottom of an adsorption 
column made of glass (diameten 44 mm. height: 100 mm) which was packed with 200 g of molecular sieves type 3A, 
to thereby remove water by adsorption. The water-removed mbcture (mainly composed of THF) was withdrawn from 
the top of the adsorption column and returned to the reaction system. Before feeding the distillate to the adsorption 
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column, the adsorption column was filled with THF having a water content of not more than 50 ppm. Approximately 
2A kg of the distillate was obtained after perfomiing the reaction for 15 hours. 

[0179] After the termination of the reaction, the stirring of the reaction mixture was discontinued and the reaction 
mixture was allowed to stand still to theret>y separate the reaction mixture into two phases, namely an upper reaction* 
5 fomited organic phase and a lower reaction-formed catalyst phase. The upper reaction-fomied organic phase was 
recovered tiy decantation. To the recovered upper reaction-formed organic phase was added calctum hydroxide, to 
thereby precipitate the residual catalyst. The predpftate was filtered off by using a filter, thereby obtaining a filtrate. 
TH F and NPG contained In the filtrate were removed by distillation to thereby obtain a viscous oxytetramethylene glycol 
copolymer. 

10 [0180] The obtained oxytetramethylene glycol copolymer had a number average molecular weight of 1 730 and an 
NPG copolymerization whole ratio of 13 mo\%. The concentration of the residual NPG was 800 ppm. The a value 
(represented by formula (I)) of the oxytetramethylene glycol copolymer was 1 .2 x 1 and, thus, the oxytetramethylene 
glycol copolymer satisfied a requirement of the present invention. However, the ^ value (represented by formula (II)) 
of the oxytetramethylene glycol copolymer was 0.0564 and, thus, the oxytetramethylene glycol copolymer did not 

f 5 satisfy another requirement of the present invention. Other properties of the obtained oxytetramethylene glycol copol- 
ymer are shown in Table 3. 

Comparative Example 5 

» [0181] An oxytetiamethytene glycol copolymerwas produced using a 2-liter separable flask equipped with a fractional 
distillatton apparatus, a stirrer and an Inlet for feeding TH R 900 g of THF and 51 g of NPG were added to the separable 
flask and stirred to thereby obtain a homogeneous solution. To the thus obtained solution was added 510 g of phos- 
photungstie add hexahydrafte (as a catalyst) while edning, to thereby dissolve the catalyst In the solution. The separable 
flask was frnmersed in an oa bath maintained at 75 «C while stirring the solution in the flask for 1 0 hours, to thereby 

25 perform the copolymerization reaction. The excess amount of by-produced water (l.e.. remainder of the by-produced 
water after consuming a part of water for fonning the polymer terminals) was removed together with THF from the 
reaction system by fractional distlltation. THF was continuously fed to the flask so that the amount of THF fed to the 
flask was the same as the amount of THF withdrawn from the flask as a distillate. 

[0182] After the termfnatton of the reaction, the stirring of the reaction mixture was discontinued and the reaction 
30 mixture was allowed to stand still to theretiy separate the reaction mixture into two phases, namely an upper reactk>rv 
fomied organic phase and a k>wer reactton-formed catalyst phase. The upper reaction-formed organic phase was 
recovered t>y decantotton. To the recovered upper reaction-formed organic phase was added 8 g of caldum hydroxide, 
and stirred for 30 minutes. The resultant mixture was allowed to stand still for 1 day and night to thereby predpitate 
the residual catalyst The precipitate was filtered off by using a filter, thereby obtaining a filtrate. THF contained in the 
35 filtrate was renioved by f ractk)nal distillation at 40 <*C under 20 Tonr. Subsequently, the still reskJue was allowed to stand 
still at 120 ''C under 0.1 Torr or less for 5 minutes under conditions wherein the thickness of the polymer film t>ecame 
1 cm or less, thereby removing NPG from the still reskfue. As a result. 1 80 g of a viscous copolymer was obtained. 
[0183] The obtained oxytetramethylene glycoi copolynner had a number average molecular weight of 1 720 and an 
NPG copolymerization whole ratio N^ of 1 0 moi%. The concentration of the residual NPG was 600 ppm. The a value 
40 (represented by f onnula (I)) of the oxytetramethylene glycol copolymer was 8.5 x 1 0^ and, thus, the oxytetramethylene 
glycol copolymer satisfied a requirement of the present invention. However, the p value (represented by formula (II)) 
of the oxytetramethylene glycoi copolymer was 0.0565 and, thus, the oxytetramethylene glycol copolymer did not 
satisfy another requirement of the present Invention. Other properties of the obtained oxytetramethylene glycoi copol- 
ymer are shown in Table 3. 
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Comparative Examples 6 to 8 



55 



(Continuous polymeflzation using a catalyst phase having a spedTic gravity of less than 1 .8) 

[0184] An oxytetramethylene glycol copolymer was produced in substantially the same manner as in Example 1 , 
except that the reaction conditions (composition of the raw material liquid containing THF. NPG and phosphotungstic 
add hexahydrate (HPA), feeding rate of the raw material liquid (F), volume of the liquid in the reactor (V). volume of 
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the catalyst phase (CV), spedfic gravity of the catalyst phase, NPG concentration, motive power applied to the liquid 
per unit vo!unr»e thereof {PN) and time required for stably operating the reaction system (Hr)) which are shown in Table 
4 were employed. The properties of the produced oxytetramethylene glycol copolymer are shown In Table 6. 
[0185] As apparent from Table 5 below, each of the copolymens obtained In Comparative Examples 6 to 8 had the 
5 p value (represented by fomnula (11)) satisfying a requirement of the present Invention. However, the a value (repre- 
sented by formula (i)) of each of the copolymers did not satisfy another requirement of the present invention. 
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Exanipte9 

(A method in which the copolymenzation reaction is perfonned in the same manner as In Example 1 , but the catalyst 
removal is perfomied without using Ca(OH)2) 



pieq 1 mer of tetrahydrofuran (THF) containing not more than 120 ppm of water and 53.3 g of neopentyt glycol 
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(NPG) were added to a 2-liter separable flask and stirred at room temperature, to thereby obtain a solution. To the 
obtained solution was added 650 g of phosphotungsttc add hexahydrate as a heteropotyacid (HPA) catalyst and stiired 
at room temperature for approximately 1 hour, thereby obtaining a mixture. The obtained mixture was allowed to stand 
still so that the mixture was separated into a lower catalyst phase and an upper organic phase. 

5 [0187] An oxytetramethylene glycol copolymer was produced using a continuous production system shown in Fig. 2. 
[01 88] The catalyst phase prepared above was charged into reactor 2. Subsequently, reactor 2 containing the catalyst 
phase was filled with the organic phase prepared above and the excess organic phase was allowed to flow Into catalyst 
separation vessel 3 which was connected to reactor 2. Reactor 2 was equipped with a baffle and two turbine blades. 
The whole system shown in Fig. 2 was purged with nitrogen gas and the reaction was Initiated by stirring the organic 

10 phase and the catalyst phase in the reactor while heating the reactor to a temperature in the range of from 66 to 69 
""C. Subsequently, raw material tank 1 was charged with a THF solution obtained by dissolving 1 ^18 g of NPG and 
266 g of phosphtungstfe acid hexahydrate in 12,516 g of THF and the THF solutk>n was fed from raw material tank 1 
to reactor 2 at a flow rate of 79 mi/hr. The resultant reaction mixture in reactor 2 was circulated between reactor 2 and 
catalyst separatton vessel 3 as follows. The reaction mixture was fed to catalyst separation vessel 3 from reactor 2 

15 and separated Into two phases, namely an upper reaction-formed organte phase and a lower reactton-f ormed catalyst 
phase. The lower reaction-formed catalyst phase was retunned to reactor 2. while the upper reaction-formed organic 
phase was flowed up and collected in organic phase receiving vessel 5 after passing through refrigerator 4. Water by- 
produced during the copolymerizatton reaction was removed by withdrawing an azeotropic vapor of water and THF 
from reactor 2. The withdrawn azeotropic vapor was condensed using condensing means 7 to thereby obtain a THF/ 
• 20 watermixture, andtheot>tainedTHF/watermixturewa8coI1ectedinTHF^vaterreceivingtank8.TheTHF/watermixtum 
was withdnaiwn from THFAwater receiving tank 8 at a constant rate by using pump 12 and fed into THFAwater storage 
tank9.THF(watercontent: 1 20 ppm or less) was fed to reactor 2 from THF tank 6 by using punnp 11 so that the amount 
of THF fed to reactor 2 was the same as the amount of THF withdrawn from reactor 2 as the azeotropic vapor. THF 
was fed to reactor 2 at a feeding rate whk:h was the same as the withdrawing rate of THFAvater mixture by pump 12. 

25 [01 89] The reaction system was operated in the above-mentioned manner so as to maintain the volume of the reaction 
mixture in reactor 2 at 610 ml, the volume of the catalyst phase In reactor 2 at 330 ml, the NPG concentration of the 
organte phase at 0.80 % and the specie gravity of the catalyst phase at 2.1 5. When the reactton temperature became 
stable at 68 °C, the continuous polymerizatton reactor (reactor 2) was operated continuously for 33 hours. Subsequent- 
ly, an oxytetramethylene glycol copolymer was produced by operating the reactor for 1 00 hours. The resultant copol- 

30 ymerizatlon reaction mixture was separated into an upper reactlon-fomied organic phase and a lower reaction-formed 
catalyst phase in catalyst separatton vessel 3 and only the reaction^omned organic phase was collected In organic 
phase receiving vessel 5. The organic phase recovered in organic phase receiving vessel 5 was used as a reactton- 
foHDed organk; phase containing an oxytetramethylene glycol copolymer. 

[0190] The volume of the liquid in the reactor was 610 ml, the volume of the catalyst phase was 330 ml, and the 

35 ' concentration of NPG in the organk: phase of the reaction mixture was 0.80 %. 

[0191] 5 kg of the reactbn mixture was taken out from organic phase receiving vessel 5 containing the reactkm- 
fonned organic phase produced while stably operating the reaction system. THF contained in the reactton mixture was 
removed by f ra^onai distillatton at 50 "C under 50 mmHg so as to obtain a copolymer concentrate havi ng a copolymer 
concentration of from 45 to 60% by weight. 

40 [01 92] To the obtained copolymer concentrate was added n-octane in an amount whteh was 1 .5 times the weight of 
the copolymer concentrate, and the resultant mixture was stirred so as to enable the phase separation of the catalyst 
which was dissolved in the copolymer concentrate. Since the amount of the catalyst phase formed by the addition of 
n-octane was very small, after removing the lower catalyst phase from the upper organic phase, the reskfual catalyst 
dispersed in the upper organk: phase was filtered off by using a membrane filter (pore diameter 0.2 [un) made of 

45 polytetrafluoroethylene, thereby obtaining a filtrate. The obtained filtrate was a transparent Ptquid having a heteropol- 
yacid concentration in temns of tungsten concentration of 8 ppm. 

[0193] The filtrate (i.e., the organic phase obtained after removing the catalyst phase) was fed to a column packed 
with approximately 1 kg of an activated caitwn, to th&rdby adsorb and remove a small amount of the catalyst whk:h 
was dissolved in the filtrate by the activated cart>on. The filtrate was fed to the column at a flow rate of 5 titers/hr by 
so using a pump. After the treatment with the activated carbon, the reactton mixture (effluent) had a heteropolyadd (phos^ 
photungstk: acid) concentration in terms of tungsten concentratk>n of 0.5 ppm. 

[0194] Subsequently, THF was distilled off from the effluent by using an Oldershaw distillation column (number of 
theoretical plates: 10) at 50 under 440 nrtmHg, ther^ obtaining a THF removed, oxytetramethylene glycol copol- 
ymer solution in octane. The obtained oxytetrarriethylene glycol copolymer solution was cooled to 40 ""C so as separate 
55 the copolymer solutk>n into an fhoctane phase and an oxytetramethylene glycol copolymer phase. The oxytetrameth^ 
ylene glycol copolymer phase was recovered as a partially purif ied readton mixture. 

[0195] The partially purified reaction mixture contained 53 % by weight of an oxytetramethylene glycol copolynter, 
46 % by weight of n-octane and 1 % kiy weight of NPG. The number average molecular weight was 1 71 0 and the NPG 
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copolymerizatlon whole ratio was 1 5.5 mot%. 

Example 10 

5 (TWo-step purification method) 

[0196] An oxytetramethylene glycol copolymer was purified from the partially purified reaction mixture obtained in 
Example 9 tyy using the purification system shown in Fig. 5. 

[01 9^ The partially purified reaction mixture obtained in Example 9 was placed in reaction mixture tank 1 6 and the 
10 reaction mixture was fed from reaction mixture tank 1 6 to mixer 1 8 at a flow rate of 1 2 mi/min by using pump 1 7. Water 
was fed to mixer 18 at a flow rate of 3.2 ml/hnin by using pump 24 so as to mix the reaction mixture with water in mixer 
1 8. The resultant mixture was fed to centrifugal molecular distillation apparatus 1 9 to theret)y remove octane end ottier 
tow boiling point components from the mixture at 1 20 ""C under 50 Toir. The distillate was a mixture of low boiOng point 
components including octane. The mixture of the low boiling point components was fed to distillation column 20 (an 
15 Oldershaw distillation column, number of theoretical plates: 20, column diameter 50 mm, column height: 1 ,350 mm) 
to thereby distill off a mixture of octane and water from the low boiling components. The distillation was perfomned tiy 
feeding the mixture of the low boiling point components to the cotunrm top at a flow rate of 0.92 ml/min by using pump 
34. The mixture of octane and water whbh was distilled off from distillation column 20 was fed to decanter 22 to tttereby 
separate the mixture into a lower water phase and an upper octane phase. The lower water phase was recycled to 
^ either mixer 1 8 by using pump 24 or distillation column 20 by using pump 34. The upper octane phase was recovered 
in octane storage tank 23. The recovered octane can be used for the phase separation of the catalyst from the reM 
formed organic phase. 

[0198] The reaction mbcture treated witt! oentrihjgal molecular dIstiDatton apparatus 1 9 was fed to distiDation column 
26 (number of theoretical plates: 17, column diameter 80 mm, column height: 1272 mm, column packing: Melapack 

29 ' CY) by using pump 25 at a flow rate of 62 mlAnin. A fresh THF was fed from fresh THF tank 29 to heating means 31 

at a flow rate of 20 ml/mln by using pump 30 to thereby heat THF to 120 ""C, and the resultant gaseous THF was fed 
to the bottom portion of distillation column 26. The ratio of the NPG fk>w rate to the THF flow rate t>ecame approximately 
1 70. Distillation column 26 was heated from the outside thereof to maintain the temperature of the inner vapor at 120 
''C. The degree of vacuum inside ttie distillation column was maintained at 450 Jon. The vapor withdrawn from the 

30 column top which was mainly composed of THF was cooled by means of condensing means 27, to thereby liquefy the 
vapor, and the lk)uefied vapor was fed to raw material tank 28. The high temperature ik|ukl withdrawn from the bottom 
portkm of distillation column 26 had an oxyt6trameti)ylene glycol copolymer content of 90 % or mora. This ik^uld as 
such was fed to centrifugal molecular distQIatton apparatus 32 and THF contained therein was removed at 120 'C 
under OJS Ton; thereby otitalning a purified oxytetramethylene glycol copolymer. The removed THF was recovered in 

39 raw matertel tank 28 and the purified oxytetramethylene glycol copolynter was recovered in oxytetrametiiylene glycol 
copolymer tank 33. When the conditions inside distillation column 26 t)ecame stable Emd the distillation column was 
filled with the copolymer, raw material tank 28 was changed to raw material tank 28' (not shown) so as to collect a THF 
solution composed of gaseous THF whk;h was recovered under stable conditions. 

[01 99] The THF solution In raw material tank 28* (not shown) whk:h was recovered under stable conditions had an 

40 NPG concentration of 0.6 % and an octane concentration of 0.1 %. 

[0200] The purified oxytetramethylene glycol copolymer recovered in oxytetramethylene glycol copolymer tank 33 
had an oxytetramethylene glycol copolymer content of 99 % or more, an NPG content of less than 80 ppm and an n- 
octane content of less than 50 ppm. The number average molecular weight was 1 71 0, the molecular we^t distribution 
was 1 .75, the NPGcopolymerization whole ratio was 15.6 mol%, and tiie p value (represented by fonnula (II)) was 
45 0.0543. The tiiemnal stainBty of the oxytetramethylene glycol copolymer was 333 '^C and the color index measured in 
accordance with APHA was 1 0. 

[02O1] With respect to the above-mentioned analytical resalts of ttte purified oxytetramethylene glycol copolymer, 
please note the following. Each of the NPG content and the n-octane content was detenmined by gas chromatography 
and the determined value was lower than the detection limit of the gas chromatography performed under conditions 
so mentioned ebwe. The amount of tiie resMualTHF In the purified oxytetrametiiylene glycol copolymer was detemnined 
in terms of the low k>oiltng point components distilled off by heating the oxytetramethylene glycol copolymer at 80^C 
under 5 Torr for 30 minutes. The oxytetrametiiylene glycol copolymer content of a purified oxytetramethylene glycol 
copolymer was determined by subtracting the total weight of THF, NPG and n-octane contained in the purfRed oxyte- 
tramethylene glycol copolymer from the weight of the purified oxytetramethylene glycol copolymei: 



37 



EP 1361 243 A1 



Example 11 • 

(Production of an oxytetramethytene glycol copotynier by using THF and NPG recovered In Example 10) 

9 [0202] 4 kg of the THF solution in raw material tank 28*. whk;h was recovered in Example 10. was taken out. and 
NPG and phosphotungstic add hexahydrate (HPA) were added thereto In amounts such that the NPG concentration 
and the HPA concentration of the resultant mixture k)ecame 8.7 % and 1 .9 %. respectively. The resultant solution was 
used as a raw materfal liquid. An oxytetramethytene glycol copolymer was produced in substantially the same manner 
as in Example 9 except that use was made of ttie at>ov&HTientk>ned raw material liquid. Further, since the amount of 

10 the raw material liquid was smaller ttian the amount used in Example 9, the reaction was performed for only 25 hours 
after the stabilization of the reaction conditions. 

[0203] A reaction mixture was obtained in the above-mentioned manner and 1 5 kg of the obtained reaction mixture 
was partially purified in substantially the same manner as in Example 9 and further purified in substantially the same 
manner as in Example 1 . thereby obtaining a purified oxytetramettiytene glycol copolymer. 

15 [0204] The purified oxyt^ramethylene glycol copolymer had an oxytetramethylene glycol copolymer content of 99 
% or more, an NPG content of less than 80 ppm and an n-octane content of less than 50 ppm: The number average 
molecular weight was 1 780, the rmlecular weight distribution was 1 .77. the N PG copolymerlzation whole ratk> N^ was 
15.B mol%. and the p value (represented by formula (11)) was 0.0543. The thermal stability of the oxytetramethylene 
glycol copolymer was 334 "^C and the color index measured In accordance with APHA was 10. 

20 [0205] With respect to the above-mentioned analytcal results of the purified oxytetramethylene glycol copolymer, 
please note the following. Each of the NPG content and the n-octane content was determined by gas chromatography 
and the detemnined value was lower than the detection limit of the gas chromatography performed under conditions 
mentioned above. The amount of the resklual THF In the purified oxytetramethylene glycol copolymer was determined 
in terms of the low boiling point components distilled off by heating the oxytetramethylene glycol copolymer at BO^'C 

25 under 5 Torr for 30 minutes. The oxytetramethylene glycol copolymer content of a purified oxytetramethylene glycol 
copolymer was detennined by subtracting the total weight of THF. NPG and n-octane contained in the purified oxyte- 
tramethytene glycol copolymer from the weight of the purified oxytetramethylene glycol copolymer. 
[0208] THF and a diol recovered by the stripping process and the centrifugal molecular distillation can be recycled 
without causing any adverse effects on the reaction rate and the quality of the produced oxytetramethylene glycol 

3o copolymer. 

Example 12 

(One-step purification method) 

35 

[0207] The copolymerization reaction was performed in sut)stantia]ly the sanrte manner as in Example 9 except that 
the polymerization reaction under stable reaction conditions was periormed for 150 hours. A part of THF contained in 
the thus obtained reaction mixture was removed by distillation and the catalyst contained In the reactkm mixture was 
removed by the addition of rv-octane, f oikywed t>y phase separatton and filtratton. TH F remaining in the resu Itant reactton 
40 mixture was removed kyy distillation and. then, the reaction mixture was separated into an octane phase (upper phase) 
and a polymer phase (lower phase). The polymer phase was recovered, thereby obtaining approximately 10 kg of a 
parttaiy purified reaction mixture. 

[0208] The obtained partially purified reaction mixture had an oxytetramethylene glycol copolymer content of 49 %, 
an n-octane content of 49 %. a THF content of 1 % and an NPG content of 1 %. 
45 [0209] An oxytetrannethylene glycol copolymer was purified from the at>ove-obtalned reaction mixture by the one- 
step purifcatton method by using the purification system shown in Rg. 4. 

[0210] The partially purified rjeaction mixture obtained above was placed in reaction mixture tank 16 and the reaction 
mixture was fed from reaction mixture tank 1 6 to distillation column 26 at a flow rate of 4.4 ml/min by using pump 24. 
A fresh THF was fed from fresh THF tank 29 to heatirig means 31 at a flow rate of 8 mlMn by using pump 30, and a 

so gaseous THF heated to 120 ''C was fed to the bottom portion of distiltatton column 26. Tlie ratio of the NPG flow rate 
to the THF flow rate became approximately 182. Distillation column 26 was heated from the outside to maintain the 
temperature of the inner vapor at 120 "^C. The degree of vacuum inside the distillation column was maintained at 450 
Torr. The vapor withdrawn from the column top whk:h was mainly composed of TH F was cooled t>y means of condensing 
means 27. to therekyy liquefy the vapor, and the liquefied vapor was fed to raw material tank 28. The high temperature 

ss liqukl withdrawn from the bottom portion of distillation column 26 had an oxytetramethylene glycol copolymer content 
of 90 % or more. This lk)uid as such was fed to centrifugal molecular distillation apparatus 32 and THF contained 
therein was removed at 120 **C under 0.5 Torr. thereby obtaining a purified oxytetramethylene glycol copolymer. The 
removed THF was recovered in raw material tank 28 and the purified oxytetramethylene glycol copolymer was recov- 
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ered in oxytetramethylene glycol copolymer tank 33. When the conditions inside distiliatlon column 26 became stable 
and the column was filled with the copolymer, raw material tank 28 was changed to raw material tank 28' (not shown) 
so as to collect a THF solution composed of gaseous THF which was recovered under stable conditions. 
[D211I The THF solution in raw material 28* (not shown) whk:h was recovered under stable conditions had an NPG 

5 concentration of 0.5 % and an octane conc8nlratk>n of 16 %. 

[D212] The purified oxytetramethylene glycol copolymer recovered in oxytetramethylene glycol copolymer tank 33 
had an oxytetramethylene glycol copolymer content of 99 % or more, an NPG content of less than 80 ppm and an n- 
octane content of less than 50 ppm. The number average molecular weight was 1 800, the molecular weight distributton 
was 1 .78, the NPG copolymerizatk>n whole ratio N^ was 15.1 mol%, and the p value (represented by formula (II)) was 

10 0.00519. Further, the thermal stability of the oxytetramethylene glycol copolymer was 333 *C and the color index 
measured in accordance with APHA was 1 0. 

[02131 With respect to the above-mentioned analytcal results of the purified oxytetramethylene glycol copolymer, 
please note the following. Each of the NPG content and the n-octane content was determined by gas chromatography 
and the determined value was lower than the detection limit of the gas chromatography performed under conditbns 
15 mentioned above. The amount of the resMual THF in the purified oxytetramethylene gtyool copolymer was determined 
in terms of the low boiling point components distilled off by heating the oxytetran^thylene glycol copolymer at aO'^C 
under 5 Torr for 30 minutes. The oxytetramethylene glycol copolymer content of a purified oxytetramethylene glycol 
copolymer was detemiined by subtracting the total weight of THF. NPG and n-octane contained in the purified oxyte- 
tramethylene glycol copolymer from the weight of the purified oxytetramethylene glycol copolymer. 

20 

Example 13 

(Production of an oxytetramethylene glycol copolymer by using THF recovered In Example 12) 

25 [02141 0 kg of THF solutton in raw material tank 28*. whch was recovered in Example 12. was taken out and the n- 
octane content thereof was towered to 1 .% or less by distillation. Specif k»l}y. the TH F solution was fed to a continuous 
distillatton column having a condensatton zone (number of theoretical plates: 5) and a recovery zone (number of tho- 
orettoal plates: 5). A mixture mainly composed of THF and n-octane was withdrawn from the top of the continuous 
distillation column and a mixture of NPG and oligomers (NPG/oHgomer mixture) was withdrawn from the bottom of the 

30 continuous distillation column. The continuous distiilatk>n column had a column diameter of 5 cm and a column height 
of 1 m, and the inner pressure of the distillatton column was 830 mmHg and the reflux ratio at the colurhn top was 3. 
The NPG/oligomer mixhire which was withdrawn from the bottom of the distillation column had an n-octane concen- 
tration of 1 % or less, and the distillate withdrawn from the column top contained 81 % of THF. 19 % of n-octane and 
approximately 0.1 % of NPG. The dtstiilate was subjected to dlstiilatk>n in a batchwise manner by using an OUershaw 

as distillation column (number of theoretical plates: 1 0) under atmospheric pressure with reflux ratio of 4, to thereby obtain 
a THF solution having an n-octane content of 0.01 %. 4 kg of the thus obtained THF solution was mixed with 60 g of 
the NPG/oilgomer mixture withdrawn from the bottom of the continuous distillation column. To the resultant mixture 
were added NPG and phosphotungstic add hexahydrate (HPA) in anrwunts such that the NPG concentration and the 
HPA concentration of the resultant mixture became 8.7 % and 1 .9 %. respectively. The resultant solutton was used as 

40 a raw material ilquki. An oxytetramethylene glycol copolymer was produced In substantially the same manner as in 
Example 9 except that use was made of the above-mentioneed raw material Hquld. Further, since the amount of the raw 
material liqukf was smaller than the amount used in Example 9, the reaction was perf omned for only 1 5 houra after the 
stabilization of the reaction conditions. 

[021 51 A reaction mixture was obtained in the above-mentioned manner and 1 .0 kg of ttie obtained reaction mixture 
45 was purified in substantially the same manner as in Example 3 to thereby obtain a purified oxytetramethylene glycol 
copolymer. 

[0216] Ttie purified oxytetramethylene glycol copolymer had an oxytetramethylene glycol copolymer content of 98 
% or more, an NPG content of less than 80 ppm and an n-odane content of less than 50 ppra The numt»er average 
molecular weight was 1790. the molecular weight distribution was 1 .77. the NPG copolymerization whole ratio IM^ was 
50 16.0 mol%, and the p value (represented by formula (li)) was 0.0518. Further, ttie thenmal stability of the oxytetrame- 
thylene glycol copolymer was 335 and the color Index measured In accordance with APHA was less, than 1 0. 
[02171 THF and a diol recovered by the stripping process and ttie centrifugal molecular distillation can be recycled 
wittiout causing any adverse effects on the reaction rate and the quality of the produced oxytetramethylene glycol 
copolymer. 
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Exarnple 14 

(Purfncation of a copolymer produced using 1 .6-hexanediol as a diol) 

[0218] A reaction mixture containing an oxytetramathytene glycol copolymer was obtained In substantially the same 
manner as in Example 9 except that NPG used in Example 9 was changed to an equivalent molar anrwunt of 1. 6-hex- 
anediol. The obtained reaction mixture contained 55 % by weight of an oxytetramethylene glycol copolymer composed 
of THF units and 1 ,6-hexanedtol units, 45 % by weight of n-octane and 1 % t>y weight of 1,6-hexanedioL 
[0219] The above-obtained reaction mixture was purified in substantially the same manner as in Example 10. theretyy 
obtaining a purified oxytetramethylene glycol copolymer. Specffcally, the purification was performed In sutjstantially 
the same manner as in Example 10 except that the flow rate of gaseous THF fed to the bottom portion of distiltatlon 
column 26 was changed so that the flow rate of gaseous TIHF became 5.3 times the amount of 1 ,6-hexanediol contained 
in the reaction mixture (i.e., the ratio of the feeding rate of the reaction mixture to the feeding rate of gaseous THF 
became approximately 901 ). As a result, a purified oxytetramethylene glycol copolymer recovered in oxytetramethylene 
glycolcopolymertanic 33 had an oxytetramethylene glycol copolymer content of 99 % or more, a 1 ,6-hexanedIol content 
of less than 80 ppm and an n-octane content of less than 50 ppm. The oxytetramethylene glycol copolymer had a 
number average molecular weight of 1 700 and a 1 ,6-hexanediol copolymerization whole ratio of 15 mot%. 

ExannplelS 

(Purification of a copolymer produced using 1 ,3-propanediol as a diol) 

Ptt20] A reaction mixture containing an oxytetramethylene glycol copolymer was obtained In substantially the same 
manner as in Exan^le 9 except that NPG used in Example 9 was changed to an equivalent molar amount of 1 ,3-pro- 
panediol. The otxtained reaction mixturecontained 55 % by weight of an oxytetramethylene glycol copolymer composed 
of THF units and 1 ,3-propanediol units, 45 % by weight of n-octane and 1 % by weight of 1 ,&-hexanedlol. 
[0221] The at>ove-obtaIned reaction mixture was purified in substantially the same manner as In Example 10. As a 
result, the purified oxytetramethylene glycol copolymer recovered in oxytetramethylene glycol copolymer tank 33 had 
an oxytetramethylene glycol copolymer content of 99 % or more, a 1 .3-propanedlol content of less than 80 ppm and 
an n-octane content of less than 50 ppm. The oxytetranrtethylene glycol copolymer had a number average molecular 
we^ht of 1700 and a 1.3-propanedioroopolymeflzation whole ratio of 15 mol%. 

INDUSTRIAL APPLICABILnY 

[0222] The oxytetramethylene glycol oopolynier of the present invention, which is obtained by copolymerizing tet- 
rahydrofuran and neopentyl glycol and which has a specific number average molecular weight, a specific molecular 
weight distribution and a specific neopentyl glycol copolymerization ratio, exhibits low melting point and low glass 
transition temperature. By virtue of these improved properties, the oxytetramethylene glycol copolymer of the present 
invention can be advantageously used as a raw material for high quality nnateriats. such as a polyuretfiane, a poly- 
urethane urea and a polyester, which have excellent tow temperature properties. 

[0223] Further, by the use of the method of the present Invention for purtfy ing an oxytetramethylene glycol copolymer, 
it has become possible to not only purify the copolymer without causing the clogging of a condensation tube and a 
conduit by the solidification of the diol, but also recover a recyclable diol. 



Claims 

1 . An oxytetramethylene glycol copolymer, obtained by copolymerizing tetrahydrofuran and neopentyl.glycol, having 
the following characteristics (1) to (4): 

(1 ) a number average nrralecuiar weight Mn of from BOO to 5000; 

(2) a characteristic wherein the weight average molecular weight Mw and the number average molecular 
weight Mn satisfy either the following (0 or the fbllowing (ii): 

(i) a molecular weight distribution of 1 .8 or less in terms of the Mw/Mn ratio, or 

(D) a molecular weight distribution of more than 1.8 in tenris of the Mw/Mn ratio, wher^n Mw and Mn 

satisfy the relationship defined by the following fonnula (I): 
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10^^ X (Mw/Mn>1.8)^ 
exp(Mn X 12/100) 



^ 1.100 



(0. . 



(3) a neopentyi glycol copolymerfzation whole ratio of from 6 to 30 mol%, wherein said neopentyl glycol 
copolymerization whole ratio is defined as the molar percentage of the amount of neopentyl glycol monomer 
units present In the whole oxytetramettiylene glycol copolymer, k>ased on the total molar anraunt of the tet- 
rahydrofuran monomer units and the neopentyl glycol units in said whole oxytetramethylene glycol copolymer; 
and 

(4) a characteristic wherein the number average molecular weight Mn, the neopentyl glycol copolymerization 
whole ratio (mol%) of the oxytetramethylene glycol copolymer, and the neopentyl glycol copolymerization 
partial ratio (mol%) of a high molecular weight-side 15 wt% fraction of said oxytetramethylene glycol co- 
polymer satisiy the relationship defined by the following fonfnula (II): 



wherein N|, is defined as the molar percentage of the amount of neopentyl glycol monomer units present In 
said high molecular weight-side 1 5 wt% fraction, based on the total molar an>ount of the tetrahydrofbran mon- 
omer units and the neopentyl glycol units in said high molecuiar weight-side 15 wt% fraction, 

wherein said high molecular weight-side 15 wt% fraction is a fraction of said oxytetranr)ethylene glycol copolymer, 
which fraction corresponds to the area of a part of a whole peak representing the molecular we^ distribution 
over the whole rangeof from a low molecular weight to a high molecular weight In a gel permeation chromatogram 
of said oxytetramethylene glycol copolymer, wherein said part is taken on the side of the high molecular weight 
including the maximum molecular weight In said whole peak and wherein the area of saM part ofthe whole peak 
is 15 %, based on the area of said whole peak. 

A method for produdng the oxytetramethylene glycol copolymer of daim 1 , which comprises: 

subjecting tetrahydrafuran and neopentyi glycol to a oopolymerizatton reaction in the presence of a heteropol- 
yacid catalyst. 

said copolymerization reaction being continuously perfomied in the presence of water In a continuous oopo- 
lymertzatlon reactor while continuously feeding tetrahydrofuran and neopentyi glycol to the continuous copo- 
lymerization reactor and while continuously removing water whk:h is tiy-produced in the copolymerization 
reaction so that the amount of water is adjusted to a level wherein a two-phase reaction system is fomfied 
which comprises ah organic phase comprising a solution of neopentyl glycol in tetrahydrofuran and having a 
neopentyl glycol concentration of from 0.05 to 3.5 weight %. based on the weight of the organic phase, and 
a tetrahydrefuran/aqueous heteropotyadd phase comprising a solution of an aqueous heteropolyackl catalyst 
in t^rahydrofuran and having a spedfk: gravity of from 1 .8 to 2.3, 

wherein sM continuous oopolymertzatton reaction Is continued whDe maintaining said two-phase reactkm 
system, to theretiy fonn a copolymerizatton reaction mixture comprising a reaction-fonmed organic phase contain- 
ing a oxytetramethylene glycol copolymer having a number average molecular weight of from 800 to 5000 and a 
reaction-fomned tetrahydrofuran/aqueous heteropolyadd phase; 

separating said reaction-formed organic phase containing said oxytetramethylene glycol copolymer from 
said copolymerization reaction mixture; and 

separating and purifying said oxytetranrtethylene glycol copolymer from saM reactton-fomned organic phase. 

The mettiod according to daim 2, wherein said tetrahydrofuran/aqueous heteropolyadd phase has a specific grav- 
ity of from 1.9 to 2.3. 

A method for purifying an oxytetramethytene glycol copolymer, obtained by copolymerizing tetrahydrofuran and a 
did represented by the following formula (1): 
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9 




wherein each of and R2 independently represents a hydrogen atom or a hydrocarbon group having from 
1 to 5 carbon atoms; and each of p, q and r independently represents an integer of from 0 to 6, with the proviso 
that the sum of p. q and r is not less than 2, 

from a copolymerfzation reaction mixture oorr^prlsing an oxytetramethyiene glycol copolymer and the unreacted 
f5 dioi, which comprises subjecting sakJ reaction mixture to continuous distillation in the presence of fresh tetrahy- 
drofuran at a temperature of from BO to 160 "C under a pressure of from 5 to 760 Torr, said fresh tetrahydrofuran 
being added in an amou nt which is not less than the weight of said unreacted diol contained in said reaction mixture, 
to thereby distil of! said unreacted dtol from said reaction mixture together said added tetrahydrofuran. 

so 5. The nriethod according to claim 4, wherein said reaction mixture further comprises a satura^ 
6 to 10 carbon atoms. 

6. The method according to dalm 5, wherein said saturated hydrocarbon Is disdled off f^ said reaction mixture 
together with said unreacted diol and said added tetrahydrofuran. 

7. The method according to dalm 5. wherein said method further comprises, before distilling off said unreacted diol, 
distilling off said saturated hydrocart>on from said reaction mixture by distiitation at a temperature of from 70 to 
160*C under a pressure of from 1 to 450 Torr. 

30 a The method according to any one of claims 4 to 7, wherein said diol is neopen^ glycol. 
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Fig. 1 
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